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Introduction
Minister’s Foreword
Hon Alannah MacTiernan MLC
MINISTER FOR AGRICULTURE AND FOOD
This publication showcases, for the first time, the collective research and development 
achievements of the Department of Primary Industries and Regional Development, 
which was formed in 2017 to combine the former Department of Agriculture and Food 
with the Departments of Fisheries and Regional Development and the staff of nine 
Regional Development Commissions.
The new department is providing a strong and unified service for Western Australia’s 
vital primary industries, which contribute more than $10 billion in value to the  
state’s economy each year while underpinning the social fabric of our regions with  
156 000 direct and indirect jobs.
To remain globally competitive and compete on export and domestic markets, our 
primary industries must continue to boost productivity in the face of climate change 
while meeting consumer expectations for sustainable, ethical farming systems that 
supply high quality and safe products. 
Primary industries are  
a fundamentally important 
sector of the Western 
Australian economy.
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The State Government is committed to reinvigorating research and 
development in WA’s primary industries and improving commercial 
outcomes, industry performance, economic growth and employment.
To achieve this, we are investing in research and digital infrastructure 
across the regions while building scientific, industry and export capacity 
and safeguarding the foundations of the state’s agricultural industry – its 
valuable soil, water and land resources.
The State Government has refurbished and built new agricultural and 
fisheries research and development facilities from the Kimberley and Pilbara 
regions through to Albany on WA’s south coast and Merredin in the eastern 
grainbelt. The new facilities are being used for an impressive and broad 
array of activities including: developing the state’s shellfish and marine 
finfish industries; advancing the genetics of the WA sheep flock;  breeding 
export-quality horticultural and agricultural crops and pastures; and 
investigating ways to reduce the carbon footprint of the primary industries 
sector while adapting farming systems to a changing climate. 
Through the department’s $50 million Building 
Grains Research and Development Capacity project 
and scientific research partnerships with the 
Grains Research and Development Corporation, 
Horticulture Innovation Australia and Meat and 
Livestock Australia, the department will continue 
to deliver world-leading grains, horticulture and 
livestock research and development, driving Western 
Australian jobs, productivity and export earnings. 
Minister for Agriculture and Food Alannah MacTiernan at the launch of the new  
high-yielding wheat variety RockStar bred by WA plant breeding company Intergrain. 
Also pictured are Integrain’s wheat breeder Dan Mullan (far right), CEO Tress Walmsley 
(centre) and CFO Troy Keenan (back right), DPIRD’s former deputy director general  
Dr Mark Sweetingham (far left) and Goomalling farmer Darren West (back left).
6  DPIRD RESEARCH HIGHLIGHTS 2021
Introduction
Apple breeder Steele Jacob from the WA 
Department of Primary Industries and 
Regional Development and WA Minister for 
Agriculture and Food Alannah MacTiernan 
farewell a shipment of Bravo™ apples on 
its way to Singapore.
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Expanding the digital capacity of the state’s primary industries remains a 
top priority for the government – with $8.1 million invested over four years in 
the successful eConnected program. At the heart of the project is a digital 
platform that integrates and delivers real-time weather data from a network 
of 187 automated weather stations across WA. The weather data is an 
integral resource for farmers, emergency services and the general public and 
facilitates the development of online agricultural decision-support tools.
Balancing productivity growth with agricultural resource management 
is central to the ongoing sustainability of WA’s primary industries and 
the government is committed to improving the resilience of agricultural 
and horticultural systems through investments in water harvesting and 
desalination, nutrient management and soil amelioration and biological health.
The following publication contains a snapshot in time of the extensive 
efforts of the Department of Primary Industries and Regional Development. 
Outcomes from over 60 of the more than 140 recently completed and current 
research projects are presented along with the contribution these projects are 
making to the ongoing success of WA’s primary industries.
Hon Alannah MacTiernan MLC 
MINISTER FOR REGIONAL DEVELOPMENT; AGRICULTURE AND FOOD;  
HYDROGEN INDUSTRY
Cotton in the Ord River Irrigation Area,  Kununurra. Left to right: DPIRD 
Director General Ralph Addis, DPIRD Director of Northern Agricultural 
Development Gordon Verrall, Minister for Agriculture and Food Alannah 
MacTiernan, and CEO Kimberley Development Commission Jeff Gooding.
Minister for Agriculture and Food Alannah MacTiernan (centre) investigates 
irrigated fodder production trials with DPIRD staff at Skuthorpe near Broome.
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Minister’s Foreword
Hon Don Punch MLA
MINISTER FOR FISHERIES
The industry-supported Aquaculture Development Plan that was 
launched in 2020 is driving expansion of WA’s blue economy and 
increasing investment in the emerging sector.
In the past four years we have opened a new hatchery in Albany, 
secured Huon Aquaculture to invest in the Mid-West, invested in a  
$1 million fish health lab and committed $10 million for a state-of-the-
art marine finfish nursery in Geraldton, which will provide juvenile stock 
for commercial grow-out for Huon Aquaculture and other licence-
holders in the region.
We have also upgraded research and development facilities at Hillarys 
to expand production of tropical and local species of rock oysters and 
scallops that will support industry growth.
The development plan is enabling local operators to take advantage of 
the rising global demand for quality seafood, which is expected to grow 
by more than 30 per cent this decade.
Development of Western Australia’s 
aquaculture industry is a high 
priority for the State Government, 
with a commitment to grow 
productivity and market share for 
our farmed seafood products.
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Prospective growth areas include: barramundi and rock oyster in the 
Kimberley; rock oyster and other shellfish species in the Pilbara and on the 
west coast; finfish, coral and seaweed in the Mid West; and abalone and 
shellfish in the Great Southern region.
The government has declared and fully allocated the finfish aquaculture 
zone for the Mid West and is establishing a south coast development zone 
for shellfish.
The Aquaculture Directorate was established within the Department of 
Primary Industries and Regional Development in 2017 and has a core 
team of 30 scientists, managers and technicians who work hand-in-hand 
with industry to supply juvenile fish and shellfish for commercial production 
and carry out research and development into fish and shellfish genetics, 
breeding, nutrition and diseases. 
This publication showcases the recent achievements of the aquaculture 
team who operate from facilities from Derby in the Kimberley right through 
to Albany on the south coast.
The stories in this publication demonstrate that much has been achieved over 
the past five years and I am looking forward to seeing the potential of the WA 
aquaculture industry realised as its growth continues to deliver new jobs and 
opportunities.
Hon Don Punch MLA
MINISTER FOR DISABILITY SERVICES; FISHERIES; INNOVATION AND ICT;  
SENIORS AND AGEING
An expanding aquaculture industry creates 
upstream and downstream business opportunities 
such as feed and equipment manufacturing, 
processing and value-adding. When fully 
operational, the Aquaculture Development Plan is 
expected to create an estimated 6000 direct and 
indirect jobs across WA. 
Subcon’s artificial reef modules being loaded at Fremantle, with Minister for 
Fisheries Don Punch, Emily Hamilton MLA, Tim Grose from Recfishwest and 
Cameron Stirling from Subcon.
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Ralph Addis 
DIRECTOR GENERAL, DEPARTMENT OF PRIMARY 
INDUSTRIES AND REGIONAL DEVELOPMENT 
Every dollar spent on research and development delivers $4.80 in 
productivity value to Western Australia’s primary industries (Rao et 
al. 2020)1.
It therefore goes without saying that the state’s primary  
industries and food sector – which has an annual worth of more 
than $10.3 billion – must have a dynamic and vibrant research, 
development and innovation environment to protect its major 
position in the WA economy and capture real growth and job 
creation opportunities.
Following consultation across government and industry, the 
Department of Primary Industries and Regional Development 
has released a Primary Industries Plan that recognises ‘strategic 
science’ as a key driver of the ongoing innovation required to grow 
and sustain our primary industries. 
The primary industries and food 
sector must have a dynamic and 
vibrant research, development and 
innovation environment to protect 
its major position in the Western 
Australian economy.
1Rao, X., Hurley, T.M. and Pardey, P.G. (2020), Recalibrating the reported returns to agricultural R&D: what if we all 
heeded Griliches?. Aust J Agric Resource Econ, 64: 977-1001
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DPIRD Director General Ralph Addis with former Deputy 
Director General Dr Mark Sweetingham.
To do this, we are rebuilding internal science capacity and building new 
partnerships with industry and academia in areas of critical need for WA. 
There has also been a renewed commitment to revitalising our facilities 
in the regions, with significant investments in Kununurra, Carnarvon, 
Merredin, Katanning and Albany. 
To remain competitive, WA grain, livestock, horticulture and aquaculture 
producers need ongoing access to improved genetics, better production 
technologies, market and consumer intelligence and decision-making tools 
that help manage the risks to their businesses. 
This publication showcases the breadth and depth of DPIRD’s research 
and development activities over the past few years. The stories outlined 
in the following pages stem from over 60 of the more than 140 recently 
completed or current projects carried out by the department’s 1100 
scientists, technical experts and economists located from Kununurra in 
the Kimberley through to Esperance on the state’s south coast. In addition 
to the direct and positive contribution these efforts have made to WA’s 
primary industries the work has also generated an impressive 160 scientific 
papers, 111 conference presentations and 38 books and book chapters.
The geographic spread of our operations is matched by the extraordinary 
array of our activities – from the development of nitrogen-fixing bacteria 
capable of producing $4 billion worth of free nitrogen fertiliser each year 
through to the breeding and management of shellfish, finfish, crops and 
livestock and the delivery of real-time weather data and decision-support 
tools from more than 200 automatic weather stations across WA onto the 
phones of the state’s primary producers. 
The significant achievements outlined in the following pages were made 
possible by a wide range of collaborators from across Australia, and 
the financial co-investment from the Rural Research and Development 
Corporations and the State Government’s Royalties for Regions Program.  
I remain incredibly proud of the work that DPIRD staff perform and look 
forward to supporting their future success.
Ralph Addis
DIRECTOR GENERAL, DPIRD 
WA needs a collective scientific capacity to protect 
our competitive advantage and drive the innovation 
required to capture new market opportunities and 
overcome the climate change challenges for the sector. 
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Reflection
Dr Mark Sweetingham 
DPIRD DEPUTY DIRECTOR GENERAL (2020)
Private investment is also substantial because investors appreciate that  
agri-food is a large and profitable sector of the global economy.  
Western Australian agri-food industries continue to face unique challenges 
but we will not overcome these by merely importing technologies designed 
for other agricultural, geopolitical and economic ecosystems. Our research 
and development pursuits must be adapted to our unique environment.
The formation of the Department of Primary Industries and Regional 
Development in 2017 created an opportunity to refresh our research 
portfolio, curate and build on WA’s rich legacy of scientific knowledge in 
agriculture, horticulture and fisheries.  
DPIRD’s activities all underpin our mission to deliver practical outcomes  
for a WA context. The department’s successes have been achieved 
through active encouragement and collaboration from our primary 
producers, agribusinesses and industry groups. Projects are increasingly 
networked with researchers from a wide range of local, national and global 
partners – both public and private.  
Governments the world over 
invest in agri-food research and 
development because it has 
proven to be a powerful and 
equitable lever to secure and 
grow sustainable food and fibre 
production.
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While some think the industry may have picked 
all the low hanging fruit, I instead see us entering 
a golden age of genetic improvement with 
even greater rewards from genomic and gene 
editing tools, and the deployment of digital and 
robotic technologies to enable more efficient and 
profitable crop and animal production.  
My hope is that investment in agri-food research 
and development continues to grow so that the 
economic, environmental and community benefits 
still to be realised can be captured for WA.
Dr Mark Sweetingham
AUGUST 2021 
Western Crop Genetics Alliance director, Professor Chengdao Li (right), former 
DPIRD Deputy Director General, Dr Mark Sweetingham (left), and Murdoch 
University Pro Vice Chancellor Food Futures Institute, Professor Peter Davies 
(back), inspect oat varieties in the alliance’s glasshouse at Murdoch University.
The productivity, risk mitigation and 
environmental sustainability gains 
made in the Western Australian primary 
industries over the past 40 years are 
impressive by any global comparison, 
given the significant drop in growing 
season rainfall we have suffered during 
this time in the face of climate change.
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• Primary industries have played  
an important part in the history and 
development of Western Australia. 
They are integral to the fabric of  
our cities and regions, and a  
critical part of our economy.
• WA has a diversity of established 
industries spanning broadacre  
grains, pastoral, seafood and 
horticultural industries.
• The majority (52%) of the state’s 
primary production is based on 
broadacre cropping followed by 
livestock systems (28%), horticulture 
(9%), forestry (6%) and fisheries and 
aquaculture (5%).
• Numerous emerging industries 
– including avocados, wine, 
aquaculture, and food and beverage 
manufacturing – are increasing the 
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“Every dollar spent on research and development delivers $4.80 in productivity value to Western Australia’s primary industries.It therefore goes without saying that the state’s primary industries and 
food sector – which has an annual worth of more than $10.3 billion – 
must have a dynamic and vibrant research, development and innovation 
environment to protect its major position in the Western Australian 
economy and capture real growth and job creation opportunities.  
RALPH ADDIS, DPIRD DIRECTOR GENERAL
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EMPLOYMENT ACROSS WA 
PRIMARY INDUSTRIES More than 150 000 jobs underpin WA’s agri-food, forestry, aquaculture and 
fishing industries, which collectively 
contribute more than $10 billion to the 
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• Primary industries have played an 
important part in the history and 
development of WA. They are integral 
to the fabric of our cities and regions, 
and a critical part of our economy.
• WA has a diversity of established 
industries spanning broadacre 
grains, pastoral, seafood and 
horticultural industries.
• The majority (52%) of the state’s 
primary production is based on 
broadacre cropping followed by 
livestock systems (28%), horticulture 
(9%), forestry (6%) and fisheries and 
aquaculture (5%).
• Numerous emerging industries 
— including avocados, wine, 
aquaculture, and food and beverage 
manufacturing — are increasing the 
diversity of the sector.
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PRIMARY INDUSTRIES DEVELOPMENT
Boosting primary industry productivity and global 
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DPIRD Deputy Director General
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Farming 
Systems    
Page 295
Overview:  Dr David Ferris, Director  296
• Science of regenerative agriculture  
explored in 10-year trial: Caroline Peek 302
• Nitrogen bacteria breathe new life into 
dryland farming systems: Dr Ron Yates 308
• Boosting regional research capacity:  
Vanessa Stewart 312
• Forward planning made possible with 
real-time weather data: Dr Art Diggle 320
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//////Aquaculture
26  DPIRD RESEARCH HIGHLIGHTS 2021
Grains////// Aquaculture













28  DPIRD RESEARCH HIGHLIGHTS 2021
lt  
Overview
Aquaculture is the world’s fastest growing food 
production sector. The proportion of farmed species 
in the global fishery industry was projected to exceed 
that of wild-caught species for the first time in 2020.
IN WESTERN AUSTRALIA, aquaculture is 
relatively small by global standards. The total value 
of commercial fisheries and aquaculture production 
in 2017–18 in WA was $633 million, of which 
pearling contributed $52 million and aquaculture 
$27 million. 
To support the expansion of the aquaculture 
industry and grow market share, in 2017 the 
WA Government established the Aquaculture 
Directorate within the primary industries 
development pillar of DPIRD.
With significant state government investment, the 
DPIRD aquaculture team has embarked on a range 
of infrastructure, research and industry development 
projects to lift the productivity, sustainability and 
market competitiveness of the state’s aquaculture 
industry.
Our core team of 30 scientists, managers and 
technicians is working closely with industry to supply 
juvenile fish and shellfish for commercial production 
and carry out research and development into fish 
and shellfish genetics, breeding, nutrition and 
diseases. 
Current and proposed investment in WA 
aquaculture by industry and government 
is projected to increase direct and indirect 
employment from an estimated 280 jobs to almost 
6000 jobs when operating at full capacity.
Greg Jenkins 
DIRECTOR, AQUACULTURE DIRECTORATE
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Purpose: to grow the commercial aquaculture industry in Western Australia.
Supply juvenile fish and 
shellfish to emerging 
aquaculture businesses 
for grow-out trials.
Identify and support 
development opportunities 
for existing and new 
aquaculture species.
Supply juvenile fish and 
shellfish to commercial 
grow-out operations.
Research aquaculture health 
and production issues to 
support industry growth and 
address industry concerns.
Breed and stock 
freshwater and marine 
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ABOVE: Yellowtail kingfish being grown-out to market size in a net-pen near Geraldton by 
Indian Ocean Fresh Australia (IOFA). Diver is Justine Arnold (IOFA).  
MAIN IMAGE: IOFA fish farm manager Justine Arnold checks on the developing kingfish, 
which will be marketed once they reach about 3kg. Images courtesy of IOFA.
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Supply of juvenile fish 
and shellfish
The aquaculture team operates from six sites between 
Albany and Geraldton (see map) and provides juvenile 
fish and shellfish to aquaculture companies throughout 
the state.
For example, each year one million juvenile barramundi 
are supplied from our DPIRD hatchery in Fremantle to 
Australia’s largest barramundi net-pen farm off Derby 
in the state’s north. Each barramundi weighs just 
one gram and travels nearly 3000 kilometres by road 
before being transported by ship to be grown-out in 
the tropical waters of King Sound at Marine Produce 
Australia’s facilities. Once they reach marketable size, 
the barramundi are destined for dinner plates across 
Australia and the world.
In addition to barramundi, the aquaculture team also 
supplies:
• juvenile yellowtail kingfish for Indian Ocean Fresh 
Australia’s operation in Geraldton
• marron, rainbow and brown trout for commercial 
and recreational fishing opportunities in the  
south-west of WA
• juvenile tropical oysters (spat) to Maxima 
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Abalone, rock oyster, 
Akoya oyster, mussels  
and scallops
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Aquaculture research  
and development
The aquaculture team is facilitating industry expansion 
through marine fish and shellfish development across 
the state.
Along with the continued culture of freshwater species, 
the most significant growth is anticipated in sectors 
culturing marine finfish and shellfish such as yellowtail 
kingfish, barramundi, abalone and edible oysters.
Aquaculture research and development takes place at 
six fish and shellfish facilities across WA.
Marine Fish Hatchery Fremantle 
The Marine Fish Hatchery on the waterfront in 
Fremantle was established in 1993. The facility and its 
staff were transferred to DPIRD in July 2018. 
The hatchery supplies commercial quantities of juvenile 
barramundi and yellowtail kingfish to aquaculture 
companies in Derby and Geraldton and carries out 
research and development into kingfish nutrition, health 
and disease resistance with funding support from the 
Fisheries Research and Development Corporation. 
Research has included health and productivity issues 
confronting the warm water culture of yellowtail 
kingfish, including treatment for fluke parasites and 
monitoring of stress levels, and developing ways to 
maintain purity of marine fish hatchery water.
Juvenile yellowtail kingfish research trials at the 
Marine Fish Hatchery in Fremantle.
DPIRD RESEARCH HIGHLIGHTS 2021   33
GrainsAquaculture
Restocking of black bream, yellowtail kingfish, 
snapper, mulloway and prawns has been 
undertaken through the hatchery in conjunction with 
WA’s peak recreational fishing body, Recfishwest.
Aquaculture Health Laboratory 
Watermans Bay
As the seafood industry develops in WA, aquatic 
diseases and other problems that require immediate 
attention will inevitably appear. To address this the 
WA Government committed $1.2 million to build 
the state-of-the-art Aquatic Animal Health Research 
Laboratory at the collaborative Indian Ocean Marine 
Research Centre (IOMRC) at Watermans Bay.
Industrial Research Organisation (CSIRO), and 
the Australian Institute of Marine Science (AIMS – 
fosters collaboration on applied research projects 
focused on supporting the expansion of the WA 
seafood industry.
Albany Shellfish Hatchery
The Albany Shellfish Hatchery is supporting the 
emerging oyster industry in WA by providing juvenile 
oysters and mussels for industry trials and expansion. 
The hatchery is state-owned but leased to a private 
operator and aims to become self-funding.
The hatchery can grow multiple species of marine 
shellfish in mass quantities to supply grow-out farms 
throughout WA. This has reduced risk and costs to 
shellfish aquaculture operators and has resulted in 
companies investing significantly in the development 
of the industry. Demand from commercial operators 
for juvenile rock and Akoya oysters, mussels and 
scallops has increased steadily since the hatchery 
opened in December 2017. The increase in demand 
has led the state government to commit funds to 
building a shellfish nursery on the site to enable the 
Albany Shellfish Hatchery to meet the demand.  
Geraldton Aquaculture Nursery 
Design of the Geraldton Aquaculture Nursery began 
in 2020 to support the development of the marine  
fish aquaculture industry in the Mid West of WA. 
Once operational, the nursery is expected to 
produce 200 000 juvenile yellowtail kingfish every 
two months to supply new and existing commercial 
aquaculture operations in WA.
Through the health laboratory, the aquaculture 
team develops applied research projects in line 
with the needs of the seafood industry. The team 
leads research projects on abalone and pearl oyster 
health, with the objective of lifting the productivity of 
these industries. Research has included the effect 
of seismic surveys on pearl oysters, management of 
summer mortality of abalone, and the biosecurity risk 
potential of recycling mollusc shell for shellfish reef 
restoration.
The co-location of the laboratory with strategic 
IOMRC partners – the University of Western 
Australia (UWA), the Commonwealth Scientific and 
Indian Ocean Marine Research Centre.
The health laboratory has boosted 
aquatic animal health capability to 
support the aquaculture industry.
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DPIRD’s Fremantle hatchery will supply the 
Geraldton nursery with yellowtail kingfish at a size of 
one gram. The nursery will nurture the tiny fish until 
they reach 50 grams when they will be transferred to 
commercial aquaculture operations.
Huon Aquaculture, the second largest salmon 
grower in Tasmania, has been allocated 2200 
hectares in the Mid West Aquaculture Development 
Zone and plans to commence growing yellowtail 
kingfish in WA within two years.  
Pemberton Freshwater Research 
Centre 
DPIRD operates the Pemberton Freshwater 
Research Centre. The hatchery at the research 
centre is the foundation of the ‘put and take’ 
rainbow and brown trout fishery across the south-
west of WA, which is enjoyed by around 9000 
licensed anglers each year. 
Without the annual inputs of fry (trout up to about 
5 cm in length), juvenile trout (about 5 to 10 cm), 
yearlings (about 20 to 30 cm) and ex-broodstock 
fish, there would be no WA trout fishery, an industry 
estimated to contribute about $18 million annually 
to the South West regional economy.
Faster growing trout can be produced at the 
research centre and a unique genetic line of 
temperature-tolerant rainbow trout has attracted the 
attention of international research institutions.
Trout production and stocking continue to be the 
research centre’s primary function, and recent 
research has investigated ways to improve survival 
of released fish. 
In 2020 the research centre produced about 
500 000 fry, grew-out at least 35 000 yearlings 
and released over 2300 ex-broodstock fish. WA 
aquaculture businesses grow-out over 75 000 fry 
each year, which are consumed in Perth restaurants 
and exported to premium Asian markets. 
We are breeding genetically improved smooth 
marron, and staff will harvest juveniles in early  
2022 to stock industry growth trials and marron 
farmers’ ponds.
As well as commercial activities, we are working 
with the Perth Zoo on its hairy marron conservation 
program, which is overseen by the Department 
of Biodiversity, Conservation and Attractions. The 
endangered hairy marron, a freshwater crayfish, is 
only found in Margaret River.
Hillarys Shellfish Hatchery
DPIRD’s Hillarys Shellfish Hatchery undertakes 
research into shellfish spat production and supplies 
small commercial quantities of new species to 
support farming trials and kick-start new initiatives. 
The research will develop guidelines for the shellfish 
industry and potential investors regarding the most 
suitable tropical rock oyster species for northern 
Australia, and the best techniques to farm them.
One such initiative already underway is the tropical 
black lip rock oyster project supported by the 
Cooperative Research Centre for Developing 
Northern Australia in collaboration with industry 
partner Maxima Rock Oyster Company. 
Brood oyster stock collected from Cone Bay in 
the Kimberley has been successfully bred by the 
aquaculture team at Hillarys. Pilot-scale batches 
of oyster spat have been supplied to trial sites in 
the Pilbara and Kimberley to test the commercial 
viability of tropical rock oyster farming in these 
regions.
The oyster is a fast grower and expected to perform 
well in northern tropical conditions, making it a good 
economic option for farmers and it will potentially 
attract investment to expand the industry.
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LEFT: Tropical rock oysters. 
MAIN IMAGE: Barramundi being harvested from the crowd net using a crane-operated 
brail net at Marine Produce Australia, Cone Bay, WA.
“Aquaculture is very much an emerging industry in WA and DPIRD’s aquaculture team is well positioned to have a positive impact on the sector’s continuing 




36  DPIRD RESEARCH HIGHLIGHTS 2021
Farm staff at Marine Produce Australia crowding barramundi 
in a net-pen in preparation for harvesting, Cone Bay, WA. 
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MARINE FISH 
DPIRD’s marine fish research and development 
team investigates all aspects of fish production 
from breeding and larval rearing through to genetic 
selection, nutrition and disease.
Dr Gavin Partridge 
SENIOR RESEARCH SCIENTIST,  
MARINE FISH
OVER THE PAST TWO DECADES the team has 
successfully developed ways to culture a range of 
new aquaculture species and deliver juvenile fish to 
commercial aquaculture operations across Western 
Australia.  
The current focus is on two species with significant 
potential for industry development in WA – yellowtail 
kingfish and barramundi. 
There is strong domestic and export demand for 
barramundi. The company Marine Produce Australia 
plans to increase production to 30 000 tonnes per 
year by 2030 for domestic and export markets.
The significant growth that is anticipated for marine 
fish aquaculture in WA will contribute to economic 
development and boost regional employment.
Yellowtail kingfish are highly valued 
globally for white-fleshed sashimi.
Harvested barramundi from Marine Produce 
Australia, Cone Bay, WA.





Farmed marine fish and shellfish species 
are at increased risk of health issues 
compared to their wild counterparts. 
DPIRD research scientists are developing 
a method to assess fish health based on 
oxidation levels of blood proteins.
DPIRD staff (from left to right) Luke 
Pilmer (research technician and PhD 
student), Dr Lindsey Woolley (research 
scientist) and Dr Gavin Partridge (senior 
research scientist) sampling juvenile 
yellowtail kingfish under light sedation 
during a feed trial at the DPIRD Marine 
Fish Hatchery Fremantle.
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DPIRD’S AQUACULTURE RESEARCH team is 
developing an early warning system for monitoring 
the health of farmed fish and shellfish.
Research scientist Dr Catherine Wingate is 
leading the project in collaboration with the 
University of Western Australia (UWA) to adapt 
technology originally developed by UWA to monitor 
physiological stress in humans.
These differences can result in stress levels that are 
currently difficult to pick up before fish growth rates 
decline or health issues arise. 
Inflamark is a stress-detecting technology that 
measures the oxidative stress of blood protein 
biomarkers. In humans, a single drop of blood 
is collected by fingerprick and analysed in the 
laboratory for protein oxidation, which is a measure 
of physiological stress. 
But measuring physiological stress in fish blood is 
considerably more complex than in human blood. 
Humans have one main protein biomarker oxidised 
in blood, while the blood of yellowtail kingfish, for 
example, contains multiple proteins that are affected 
by stress.
While the discovery of the additional protein 
biomarkers in fish was initially seen as a setback,  
Catherine has since found that the extra biomarkers 
will actually greatly enhance the sensitivity of the final 
Inflamark test being developed.
Juvenile kingfish.
Dr Catherine Wingate (DPIRD research scientist) 
holding a sedated yellowtail kingfish during a feed 
trial at the DPIRD Marine Fish Hatchery Fremantle.
Marine Fish 
Farmed fish are handled more 
than their wild counterparts, 
while also growing in conditions 
and consuming diets not 
normally encountered in natural 
environments.
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FIGURE 1.  Inflamark measures changes in oxidation of fish blood (A, B) and oyster haemolymph  
(C) protein biomarkers under physiological stress 
Twenty-four hours of exposure to non-optimal water temperature increased levels of oxidative stress in barramundi (A) and Sydney rock oysters (C). 
Soybean meal feed increased oxidative stress in yellowtail kingfish compared to fishmeal after 28 days on each diet (B). Data presented as mean ± 
S.E.M. with significance shown as *p <0.05, ** p<0.01
Optimal Sub-optimal
n = 3 in each group
Barramundi
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Catherine has completed several trials to assess the 
potential of Inflamark to detect stress in yellowtail 
kingfish, barramundi, Atlantic salmon, rainbow trout 
and Sydney rock oysters (Figure 1). The preliminary 
assessments confirm that Inflamark is a sensitive 
measure of physiological stress across a range of 
commercially important species. Validation of the 
test is continuing and the project is seeking industry 
collaboration. 
DPIRD researcher Luke Pilmer taking a blood 
sample from a sedated kingfish.
Realising the potential of 
Inflamark for aquaculture
Converting Inflamark from a specialised research 
technique to a practical tool for use by the 
aquaculture industry will require further validation of 
the technology as a stress test and a simplification 
of the blood collection process. 
To validate Inflamark, existing testing methods used 
in commercial aquaculture will be used to compare 
Inflamark against measures such as growth, 
mortality and pathogen infection rates. 
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Currently, fish blood samples must be collected and 
processed on-site and then transported on dry ice to 
the laboratory for analysis. Not only does this require 
the skills of a trained scientist, it is impractical for use 
on a remote fish farm or offshore vessel. 
Catherine is developing a more streamlined approach 
in which a drop of blood is dried in a specialised 
collection device containing fixative. The collection 
device will not require specialised skills to use and 
can be transported at room temperature without loss 
of sample integrity.
Marine Fish 
MAIN IMAGE: Dr Lindsey Woolley feeding juvenile yellowtail kingfish 
in nursery tanks at DPIRD’s Marine Fish Hatchery Fremantle.
INSET LEFT: Juvenile kingfish
The ultimate goal is to develop 
Inflamark as a device that can be 
used on-farm to provide a timely 
warning about stress in fish. 




Commercial operations undertake regular bathing 
operations to treat kingfish for fluke parasites. 
Image courtesy of IOFA
Marine Fish 
Farmed yellowtail kingfish are susceptible 
to fluke parasites. Collaborative research 
between DPIRD and the University of Western 
Australia is delivering a convenient, safe and 
reliable oral method to treat the parasites.
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YELLOWTAIL KINGFISH are susceptible to flukes, 
including one species of gill fluke and two species of 
skin flukes. Fluke infestations lead to anaemia, loss 
of appetite, poor growth and secondary infections 
that can lead to death. The flukes, therefore, pose a 
significant risk to the sustainability and profitability of 
the industry.
To control flukes in commercial operations, yellowtail 
kingfish are routinely bathed in their net-pens with a 
precise amount of hydrogen peroxide. However, the 
procedure is labour intensive, very costly and comes 
with a high mortality risk if not carried out correctly.
Fluke parasites have a rapid life cycle and hydrogen 
peroxide is ineffective at killing fluke eggs, which 
then hatch to re-infest the fish. Because of this, 
frequent treatments with hydrogen peroxide are 
needed.
To overcome the fluke treatment problem, the 
Marine Fish Hatchery team in Fremantle has 
developed an oral treatment that uses a broad 
spectrum anti-parasitic called praziquantel and 
a unique delivery method as an alternative to the 
difficult and expensive fluke treatments currently 
used by commercial kingfish farmers. 
The new approach is a safer, cheaper and more 
reliable method to treat external fluke parasites on 
cultured yellowtail kingfish.
Breakthrough in taste-masking
Praziquantel is highly effective in the management 
and treatment of flukes but has a very bitter taste 
that is unpalatable to fish, and yellowtail kingfish are 
particularly sensitive to the taste – especially as they 
grow larger.
DPIRD’s Marine Fish Hatchery team, led by senior 
research scientist Dr Gavin Partridge, has been 
investigating ways to disguise or mask praziquantel’s 
bitter flavour in an attempt to convince fish to eat it.
A breakthrough in the research was delivered 
through collaboration with Professor Lee Yong 
Lim and Dr Edith Tang from the Faculty of Health 
and Medical Sciences at the University of Western 
Australia (UWA). UWA had previously developed 
and patented a preparation that masked the taste of 
medications for human use.
The DPIRD–UWA collaboration investigated various 
formulations of praziquantel with the taste-masking 
preparation, finally developing one that was both 
highly palatable and digestible for yellowtail kingfish.
Further efficacy trials of the palatable praziquantel 
formulation are planned in collaboration with UWA 
and industry, and the research team will investigate 
commercialisation and intellectual property protection 
options. 
When successful, the technology will be of enormous 
benefit to yellowtail kingfish farmers in WA and other 
regions of Australia. It will also assist the many fish 
farmers struggling to control similar parasites, and 
those looking for a way to deliver oral treatments to 
fish via feed. 
The current hydrogen peroxide 
method for controlling external 
flukes is very expensive and  
time-consuming and contributes 
up to 20 per cent of the operational 
costs of farming.
The mouth part of an adult gill fluke that grazes on the 
gill filaments of kingfish. Dissected body of an adult gill fluke showing eggs.
200µm




Oyster spat at the Albany Shellfish Hatchery.
GrainsAquaculture
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A 2013 survey of the 
Western Australian 
aquaculture industry 
indicated that oysters 
could become a major 
industry in the state if a 
ready supply of juveniles 
(spat) became available. 
Dr Michel Bermudes
SENIOR RESEARCH SCIENTIST,  
MARINE SHELLFISH 
THE STATE GOVERNMENT subsequently invested 
$2.3 million to build the Albany Shellfish Hatchery, 
which was commissioned in 2018, and provided 
$1.35 million in operational funds to cover its first 
three years.  
DPIRD’s marine shellfish team was formed in 2018 to 
cater for the needs of the developing oyster industry. 
The number of new entrants into the oyster industry 
and orders for spat have exceeded expectations and 
the new sector is growing rapidly. 
Along with oysters, the marine shellfish team is 
developing hatchery technology for a range of 
other existing and new shellfish species suitable for 
aquaculture.
Interest and investment in the WA shellfish industry 
has increased significantly in recent times with 
proposed projects from Albany in the south all the 
way to Kalumburu in the north.
A total of 68 leases and exemptions to farm shellfish 
have been granted in WA, some in areas where 
edible shellfish have never been farmed before – in 
the Abrolhos Islands, Exmouth, Karratha and the 
Kimberley. The new shellfish farms will use native 
species with a low to neutral environmental footprint.
Assuming production at full 
capacity, WA’s shellfish industry 
could potentially employ 2000 
people based on current and 
proposed investment.
Tropical rock oyster spat produced by DPIRD. 
Marine Shellfish
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Hatching new 
opportunities for WA’s 
shellfish industry
DPIRD shellfish farming research is increasing 
the availability of juvenile shellfish for 
commercial investors, developing species-
specific farming guidelines and supporting the 
farming of new shellfish species. Deployment of the first batch of tropical rock oysters in the Pilbara, October 2020.
Image courtesy of Warren Ure, Maxima Rock 
Oyster Company
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ONE OF THE GREATEST RISKS faced by 
commercial shellfish growers in WA is a shortage 
of juvenile shellfish (spat) for their grow-out farms. 
DPIRD is mitigating that risk with the production of 
commercial quantities of spat at the Albany Shellfish 
Hatchery, and the work of its shellfish research team.
A major focus of the shellfish research team is 
developing hatchery technology for new shellfish 
species for aquaculture, and refining technology for 
existing aquaculture species including rock oyster, 
Akoya oyster and mussel.
To further its work on hatchery technology, DPIRD 
has recently established the Hillarys Shellfish 
Hatchery, a pilot-scale research and development 
hatchery located at Hillarys Marina north of Perth. 
The research taking place at Hillarys complements 
the work already being done at the Albany Shellfish 
Hatchery to supply rock oyster, Akoya and mussel 
spat to existing commercial operators.
The DPIRD shellfish research team, led by research 
scientist Dr Michel Bermudes, is developing 
hatchery technology for four new shellfish species 
that are native to WA. 
In April 2020 the research team successfully 
produced spat for two species of black lip tropical 
rock oyster, an achievement that represents the first 
step in the establishment of a tropical rock oyster 
industry in northern WA. 
As part of the project, small batches of tropical 
rock oyster spat (1000 to 100 000 seed) have been 
produced for testing under farm conditions in the 
Pilbara and Kimberley.
The team is also investigating two species of 
scallop for hatchery production. In 2021 the DPIRD 
shellfish research team will commence project work 
to produce scallop spat to supplement wild fishery 
stock. The scallop spat will boost the productivity 
of wild fisheries and provide a contingency for the 
fishing sector should stocks be depleted by climate 
change events such as marine heat waves.
In addition to producing spat, the team is 
developing farming guidelines for the shellfish 
industry and conducting commercial feasibility 
studies for new shellfish species.
DPIRD technical officer Aisling Fontanini dissecting 
tropical rock oysters for pathogen screening.
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DPIRD technical officer Scott Bennett (right) undertaking a site 
inspection of a shellfish farm in the Pilbara. 
Algal bag production system to feed the 
oyster larvae, spat and brood stock at the 
Albany Shellfish Hatchery.
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Homegrown shellfish
Common species for shellfish farming – such as the 
Pacific oyster, which is farmed throughout the world, 
and the Asian green mussel – are imported species 
that can also become serious pests.
To address this biosecurity issue, Michel and his 
team are investigating shellfish species that are 
native to WA to identify those with potential for 
shellfish farming. The project will identify where 
each species can be farmed to minimise biosecurity 
issues related to genetic interaction, pests and 
pathogens.
Wild breeding stock selected and tagged prior 
to spawning for hatchery spat production.
The shellfish species will be assessed for their 
biological traits – how fast they grow, how well they 
survive, their meat-to-shell ratio and their colour and 
shape – to select the most promising native shellfish.
To improve performance and 
productivity, the native shellfish 
will be domesticated through 
selective breeding.
Shellfish lend themselves to advanced breeding 
processes that can produce sexually sterile animals 
with superior growth performance and palatability.  
A further quality of sterile stock is that it can be 
farmed in areas that extend its native range.
Tropical rock lobster larvae produced by DPIRD.
Tropical rock oyster R&D trial  
in Cossack, Pilbara.
Image courtesy of Warren Ure, 
Maxima Rock Oyster Company
Marine Shellfish




Hatchery coordinator Terry Cabassi with brown trout broodstock.




DPIRD’s freshwater aquaculture team has 
responsibility for Western Australia’s trout stocking 
program via the Pemberton Freshwater Research 
Centre trout hatchery that has operated in the  
South West for more than 80 years. 
Andrew Beer
SENIOR RESEARCH SCIENTIST,  
FRESHWATER AQUACULTURE 
THE TROUT STOCKING PROGRAM releases 
hundreds of thousands of rainbow and brown trout in 
about 70 locations between Albany and Perth each 
year. About 9000 licensed freshwater recreational 
anglers travel throughout the south-west annually to 
catch the trout in rivers and dams, contributing about 
$18 million each year to the regional economy. 
DPIRD Pemberton Freshwater Research Centre trout pond.
Rainbow trout broodstock in a net cradle ready for 
collection of eggs or sperm.
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Recreational fishing for trout in the  
south-west of Western Australia relies on the 
annual stocking of waterbodies with captive-
bred trout. DPIRD is working to improve the 
trout stocking program to maintain a quality 
fishing experience for recreational anglers in 
a changing environment.
Freshwater Aquaculture
Larger trout to 
boost future fish 
numbers 
RECREATIONAL TROUT FISHING in WA has 
depended on the annual release of up to 800 000 
juvenile trout that are purpose-bred at the DPIRD 
Pemberton Freshwater Research Centre (PFRC) 
before being released into streams, rivers and dams 
across the south-west. 
The PFRC is the only trout hatchery in WA and has 
released rainbow and brown trout into local waterways 
for the past 80 years. Trout rarely breed naturally in 
WA waterways due to unsuitable spawning conditions, 
so the release of the PFRC’s trout is essential for 
maintaining the fishery.
Climate change and private water storage dams 
for commercial irrigation are growing challenges 
for the trout release program. Reduced rainfall and 
streamflow in the south-west affect stream security 
and productivity, which in turn reduce trout growth 
and survival.
To ensure ongoing success of the trout release 
program DPIRD formed the WA Inland Fisheries 
Research Advisory Committee (WAIFRAC), which 
brings together Recfishwest, WA trout fishing experts, 
the CSIRO, the Regional Development Commissions 
and DPIRD trout research and production specialists. 
The committee will research ways to 
improve trout survival and identify the 
best locations to stock trout and lift angler 
numbers in the south-west.
GrainsAquaculture
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DPIRD technicians selecting trout for spawning at the 
Pemberton Freshwater Research Centre.
Freshwater Aquaculture
Rainbow trout yearlings being 
released into a stream on the Warren 
River catchment, September 2020.
DPIRD technician Chris Church 
with a rainbow trout broodstock.
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Larger trout for increased survival 
One of the strategies WAIFRAC has recommended so far is the release 
of fewer, but larger, trout. 
DPIRD technician Chris Church releasing rainbow 
trout into Harvey Dam, September 2020.
Freshwater Aquaculture
Historically, up to 800 000 juvenile trout, called fingerlings, of about  
50 mm in length have been released in spring when streams fill and 
flow following winter rainfall. But with lower rainfall and increased water 
extraction by industry, these streams now dry up quickly and many no 
longer flow throughout summer.
From 2020 the PFRC plans to release up to 400 000 larger fingerlings 
(up to 100 mm) and up to 40 000 trout yearlings each year. Some of 
these yearlings will be ready to catch (larger than 300 mm). The benefit–
cost ratio of the strategy will be assessed over coming years. 
By retaining trout fingerlings in the PFRC nursery until they are larger, 
the fish will be more robust and can be released into larger bodies of 
water and will be able to compete more successfully, especially against 
the introduced and predatory redfin perch. 
Growing trout to a larger size before release 
should improve their survival rate and 
reduce how much food they need from their 
environment to grow to the legal capture 
size of 300 mm.
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Timing of trout release is also important for fish 
survival and, where possible, is timed to coincide 
with a natural abundance of food and cool weather 
following winter rains. Using DPIRD’s global 
information services, DPIRD research scientist 
Andrew Beer, in collaboration with the WAIFRAC, 
can identify suitable stream conditions for the 
restocking program by reviewing the environmental 
flows at each release location.
To accommodate the new strategy, the PFRC trout 
production system is being adjusted to an additional 
10 000 to 20 000 yearlings each year. DPIRD may 
develop commercial partner arrangements within the 
aquaculture industry for extra yearlings to be grown. 
Along with juvenile trout, the PFRC releases adult 
ex-broodstock into the Lefroy Brook on the Warren 
River and five south-west dams each year. These 
larger fish offer an instant fishery as they can be 
captured immediately by recreational anglers. In the 
spring of 2020, about 1800 rainbow trout and 500 
brown trout weighing over 1.5 kg were released.
Terry Cabassi placing fertilised eggs 
into an incubator tray.
Freshwater Aquaculture
Eggs collected from females in 
preparation for fertilisation with 
sperm solution.
Chris Church with rainbow 
trout ready for release.




PhD candidate Eliot Hanrio is based at DPIRD 




Sampling abalone blood to investigate health status.
Opened pearl oyster with pearl and pearl meat.




DPIRD’s aquaculture  
health research team 
investigates ways to 
improve shellfish health 
and productivity to develop 
established and emerging 
aquaculture industries. 
Dr Cecile Dang
SENIOR RESEARCH SCIENTIST,  
AQUACULTURE HEALTH
A MAJOR FOCUS OF current research is 
unravelling the reasons behind a dramatic decline 
in productivity of the pearling industry.
In the mid-2000s the industry employed 1000 
workers and was worth more than $125 million 
per year but a decade later the industry has been 
reduced by half. 
Detailed investigations are underway to determine 
if the decline is caused by disease. 
The team is also developing an improved 
diagnostic test for the parasite Perkinsus 
olseni that could affect the developing Western 
Australian abalone industry.
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Pearl oysters suffer 
mysterious decline
In 2006 large numbers of pearl oysters 
mysteriously died, resulting in a fall in 
productivity from which the Australian pearling 
industry has not recovered. DPIRD is working 
with industry groups to identify what is causing 
the productivity losses and develop solutions 
for this important industry of northern Australia. 
Dr Cecile Dang preparing a pearl oyster 
(Pinctada maxima) sample.
Roebuck Bay Farm. 
Image courtesy of Pearl Producers Association
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IN OCTOBER 2006, 2.8 million pearl oysters died 
in the Exmouth Gulf in Western Australia. Soon 
afterwards, deaths occurred in other parts of WA 
and in the Northern Territory.
The deaths, together with the global financial crisis 
in 2008, reduced the gross value of production of 
the industry by half, from $125 million before 2006 
to $64 million in 2018.
The pearling industry is among 
Australia’s oldest and most valuable 
fishing and aquaculture industries.
The industry is based on the silver-lipped pearl 
oyster and stretches from North West Cape in 
WA to Torres Strait, providing employment and 
infrastructure in remote regional northern Australia. 
The industry relies on wild-stock fisheries and 
hatchery production for pearl oyster supply. 
It was suspected that an infection was the cause of 
the deaths, based on available environmental and 
industry data and the fact that other bivalve species 
in the region appeared unaffected. 
However, despite several research investigations by 
different organisations, including DPIRD, the cause 
of the initial deaths and the subsequent productivity 
and health issues observed in pearl oysters remains 
a mystery.
Dr Cecile Dang demonstrating to staff from two pearling 
companies in the Kimberley how to sample pearl oysters.Image courtesy of Paspaley Pearling Company
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The aquaculture health research section of the 
DPIRD aquaculture research team, along with the 
Pearl Producers Association with support from the 
Fisheries Research and Development Corporation 
(FRDC), is investigating the ongoing productivity 
problems that are affecting the pearling industry. 
They have developed a long-term research and 
development strategy to guide research into pearl 
oyster health and productivity:
• What do affected oysters have in common 
in terms of micro-organisms and biological 
responses? What affect do these micro-
organisms have on the host?
• Can epidemiology characterise the health and 
productivity issues?
• Can the development of a comprehensive health 
management plan mitigate biosecurity risks 
and reduce losses in future outbreaks or low 
productivity events?
To begin the research, DPIRD’s senior research 
scientist Dr Cecile Dang and her team are attempting 
to identify the common micro-organisms and genetic 
and physiological responses present in affected 
oysters. Innovative state-of-the-art technologies will 
be used to identify and sequence the genes of the 
micro-organisms and oysters to better understand 
what is causing the loss in oyster productivity.
The team is also undertaking an epidemiology 
project to identify the risk factors associated with 
the pearling industry’s productivity issues. Initially, 
the plan is to collect production data from all pearl 
oyster farms to determine if a retrospective analysis 
is feasible. 
Seismic survey being carried out above pearl oyster beds.
Image courtesy of Australian Institute of Marine Science
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Preserving wild 
pearl oyster stocks  
Australia has the only pearling industry in the 
world that has access to wild-harvested pearl 
oysters for cultured pearls. The oysters are 
fished by hand, almost exclusively from Eighty 
Mile Beach, south of Broome, which is the only 
remaining significant wild-stock fishery for pearl 
oysters in the world. 
There has been increasing concern in recent 
years that seismic surveys used for oil and gas 
exploration may be affecting the sustainability of 
the wild-stock fishery and the ability of exposed 
Dr Cecile Dang dissecting a pearl oyster as 
part of the seismic project.
Haemolymph sampling from a pearl oyster.   
Image courtesy of Australian Institute of 
Marine Science
oysters to produce market-quality pearls. 
This is particularly relevant to the North West 
Shelf region of WA, where exploration for oil and 
gas occurs in an area that also supports the vast 
majority of Australia’s pearling industry. 
Cecile and technical officer Dr Hosna Gholipour-
Kanani are investigating the impact of seismic 
surveys on the mortality, condition and health of 
pearl oysters. This work is part of the Australian 
Institute of Marine Science’s $14 million North 
West Shoals to Shore project which is looking at 
the effects of seismic energy on pearl oysters. Dr Hosna Gholipour-Kanani processing pearl 
oysters samples for biochemistry analysis.
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Overview
The grains industry is Western Australia’s largest 
agricultural industry with an annual export value 
of about $5.3 billion.
THE GRAINS INDUSTRY IS CRITICAL, 
contributing more than $5 billion per year to the state 
economy and underpinning jobs, businesses and 
communities across WA (Figure 2).
With 85 per cent of grain production exported, 
maintaining our competitive position in world markets 
is imperative. WA’s grain exports go predominantly to 
South East Asia, North Asia, Europe and the Middle 
East and opportunities exist to expand our Asian  
export markets.
To remain internationally competitive, the WA grains 
industry must achieve a minimum productivity gain 
of two per cent per year to keep pace with the terms 
of trade. To achieve this our grain growers must have 
ongoing access to production technologies evaluated 
under WA’s tough grainbelt conditions. 
Despite declining winter rainfall, more frost and high 
temperature events, acidifying soils and increasing 
input costs, WA’s grain production has continued 
to increase over the past 30 years (Figure 3). The 
industry has continued to push the productivity 
frontier by adopting better crop varieties, better 
management practices and more reliable farming 
systems.
On average, there is a 24-year cycle in agriculture 
between initial research investment and the resultant 
development and adoption of technological 
innovations.2 An ongoing commitment to research and 
development is therefore critical to maintaining the 
industry’s international competitiveness and economic 
benefit to WA. Kerry Regan 
DIRECTOR, GRAINS DIRECTORATE
2Alston JM, Pardey PG and Rutttan VW (2008) Research Lags Revisited: Concepts and Evidence 
from U.S. Agriculture, Economic History Association meetings, The Engines of Growth: Innovation, 
Creative Destruction, and Human Capital Accumulation New Haven CT, September 12-14, 2008
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Over the next 30 years, the WA grains industry 
will adopt farming systems with greater diversity 
to manage climate and market risk and improve 
resilience and sustainability.
Increased productivity will be driven by advances in 
robotics, remote sensing, data analytics and digital 
platforms, genetic tools such as genomics and 
gene editing, and farming systems innovation such 
as re-engineered soils. There will also be a growing 
focus on specialised characteristics to meet end-user 
requirements, such as udon noodles, biscuit wheats, 
and healthy oat and barley products. 
WA grain growers have long been drivers of 
innovation, adopting new science and solutions  
on-farm, along with business risk strategies to 
address crop production challenges.
Some of WA’s crop production challenges:
•  The ongoing drying and warming of the climate 
that we are experiencing in the grainbelt, along 
with increasing prevalence of frost events.
•  Rapid rise in grain production and exports from 
the Black Sea area, a very low-cost production 
area.
•  Changing international trade flows associated 
with global politics and the enduring effects of  
the COVID-19 pandemic.
•  Increasing scrutiny and lowering of minimum 
residue levels (MRLs) for some chemicals that are 
currently a key part of production of WA crops.
•  Consumer expectations about sustainability, 
animal welfare, food safety and health. 
FIGURE 2. Gross value (A$ million) of Western Australian 
grain production (five-year average of 2015–20)  
Source ABS
PULSES
$ 224m  4%  
WHEAT
$ 2611m  49% 
HAY
$ 291m  6%  
BARLEY
$ 1079m  20%  
OATS
$ 198m  4%  
OILSEEDS
$ 925m  17% 
Gross value  
WA grains industry 
$5.3 billion 
(ABS 2015–20)
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DPIRD has a reputation for scientific expertise, 
regionally-based technical capability and 
infrastructure, which are uniquely placed to 
address WA’s specific grain production priorities. 
The department’s research capacity is being 
rebuilt through an organisational restructure and 
appointment of new scientists and technical staff 
along with significant investment in infrastructure  
(see box).
These investments support the delivery of applied 
R&D at a local level. To maximise the benefits of our 
R&D for WA, DPIRD collaborates with independent 
agronomists, grower groups, specialist scientists at 
universities, and the CSIRO. 
We are also strengthening research linkages 
nationally and internationally to tackle grain science 
questions of a more fundamental nature with 
universities and other WA research providers. 
DPIRD already has strong partnerships with the 
University of Western Australia and Murdoch 
University through the SoilsWest Alliance and 
Western Crop Genetics Alliance, which was recently 
expanded to include lupin and oat pre-breeding.  
We value our long-term partnership with the Grains 
Research and Development Corporation (GRDC), a 
critical partner and co-investor in a large portfolio of 
projects prioritised by the Australian grains industry.
New infrastructure developments include:  
• $11.5 million upgrade of the Northam Grains Research 
Facilities, featuring new storage, preparation and 
processing rooms, glasshouses, screen houses and 
field plots. 
• $2.1 million refurbishment of ageing research 
laboratories and office facilities at Merredin. 
• $4 million to support regional grains R&D infrastructure 
and equipment, such as plot seeders and tractors, 
glasshouses and specialist research equipment.
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We also work closely with the Australian Export Grains Innovation 
Centre (AEGIC), founded by DPIRD and GRDC in 2012 to enhance the 
international competitiveness and value of Australian export grains through 
science, technology and innovation. AEGIC combines market intelligence, 
R&D and customer engagement which are crtitical to WA’s export-oriented 
grains industry.
Our R&D is focused on WA’s major crops: wheat, barley, canola, oats, 
 lupins and pulses  (field peas, faba beans, chickpeas and lentils).
Our strategic direction addresses new technologies, export market 
priorities  and the  significant challenges  faced by  WA growers  including 
seasonal rainfall variability in a changing climate, spring temperature 
extremes and infertile soils.
The  research  is supported by expert  field  research  services which provide 
operational management, research facilities and equipment for the 
delivery of grains research experiments.
We also have a role in industry development by working closely with 
the Grain Industry Association of Western Australia, other government 
departments and more broadly with industry. Our grains commodity 
experts maintain knowledge across the supply chain through their 
excellent industry networks.
Our R&D contributes strongly to WA government and grains industry 
priorities, including the recently developed Primary Industries Plan for 
2020–24, which has a vision for a more sophisticated, diverse and 
globally competitive sector.
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Crop protection:  
Providing effective and economic on-farm 
management strategies to minimise losses from 
pests, weeds and diseases.
Page 70
Page 96Genetic improvement: 
Evaluating and developing new breeding lines 
and genetic traits under harsh WA environmental 
conditions and providing information and genetic 
resources to crop breeding companies, including 
InterGrain, for the development of better crop varieties.
DPIRD’s grains research and development: 




Crop science  
and grain  
production:  
Optimising the management of new 
varieties, crop type and rotations, and 
seasonal risk decision-making in the 
farm business context.
Soil science  
and crop nutrition: 
Identifying new soil management 
techniques to improve soil fertility 
and crop nutrient availability.
“DPIRD’s diverse scientific expertise and infrastructure, along with an ability to work closely with growers, 
commercial groups, other 
research organisations and 
universities, contributes 
to more profitable and 
reliable farming systems 
for WA’s regionally specific 
environments.   
KERRY REGAN
Crop ProtectionGrains
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Purpose: optimise yield, profits and market access for  
Western Australia’s $5.3 billion grains industry.
Keep abreast of emerging weeds, 
pests and diseases by implementing 
surveillance and early warning systems 
that enable timely and efficient control.
Understand how weeds, pests and 
diseases reproduce and spread,  
and develop management systems that 
exploit their weaknesses. 
Develop management systems that fit  
into the whole farming system and provide 













Dr Sally Peltzer 
MANAGER, CROP PROTECTION
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WEEDS, PESTS AND DISEASES cost Western 
Australian grain growers more than $1 billion each 
year due to reduced yields, product downgrades 
and control costs. Chemical control is the second 
largest on-farm expense after fertiliser. Many 
growers spend about $70 per hectare or a fifth of 
their entire input costs on insecticides, pesticides 
and herbicides each season.
DPIRD’s crop protection team is focused on 
reducing chemical usage on-farm and identifying 
non-chemical control methods for integrated pest 
management systems. 
Getting smarter about chemical use not only 
saves grain growers money but also helps slow 
the development of chemical resistance – an issue 
borne of using the same chemical too often and 
often unnecessarily. 
Growers are facing an increasingly smaller range of 
in-crop chemicals for weed, pest or disease control 
due to insect, weed and pathogen resistance so 
using chemical groups judiciously is critical.
The WA grains industry is export-oriented, with 
nearly 90 per cent of annual grain production 
exported to more than 50 countries worldwide. 
There is a growing move internationally to restrict 
chemical use or ban specific chemicals completely.
To maintain and expand market access it is critical 
that WA growers adopt non-chemical methods 
where possible and apply pesticides, herbicides 
and insecticides only when needed using the safest 
spraying technologies available. 
The Crop Protection team is using a three-pronged 
approach to develop better ways to manage crop 
pests, weeds and diseases and ensure chemicals 
are used astutely:
1. Monitor and report on emerging weeds, pests 
and diseases to enable timely and efficient 
control.
2. Understand how weeds, pests and diseases 
reproduce and spread to exploit their 
weaknesses.
3. Develop management systems that fit into the 
whole farming system and provide easy access 
to decision support tools.  
It is estimated that reducing 
chemical use across the Western 
Australian grains industry by just  
30 per cent could save growers 
about $240 million each year. 
Each time a chemical is applied unnecessarily it 
provides the weed, pest or disease with another 
opportunity to master resistance against the specific 
insecticide, herbicide or pesticide. 
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Monitor
It is impossible to properly manage something 
without monitoring, so a key activity of the crop 
protection program is surveillance for current and 
exotic pests and diseases. By keeping abreast of 
pests and diseases as they emerge throughout 
each season — or enter WA for the first time — 
growers can implement strategies that quickly 
overcome the problem before it spreads. In the long 
run, such surveillance will save considerable money 
and time. 
The Crop Protection team is using the latest mobile 
applications and drone technologies to survey 
cropping systems remotely and in real-time and 
capture information about the status of pests 
and diseases in grain cropping areas across WA. 
The information collected via these early warning 
systems is then delivered directly to growers or fed 
into DPIRD’s modelling programs to predict how 
the pest or disease is likely to behave throughout 
the season. This information helps growers fight 
an outbreak with timely and targeted chemical 
applications while pest or pathogen numbers are 
still low. 
Surveillance keeps 
abreast of emerging 
threats 
Proactive surveillance of cereal crops across 
WA port zones has led to the early detection of 
a new fungal disease in the state’s billion-dollar 
barley industry.
The surveys were undertaken as part of the 
broader surveillance work of DPIRD’s Crop 
Protection team who work with growers, 
agronomists, scientists and grower groups 
to develop a seasonal snapshot of the pests, 
diseases and weeds across the WA grainbelt. 
Ramularia leaf spot is a fungal leaf disease that 
affects crops late in the season. Disturbingly, 
the experience internationally is that Ramularia 
can rapidly develop resistance to fungicides. 
Following detection of Ramularia leaf spot in 
Tasmania in 2016, DPIRD plant pathologists 
carried out a targeted surveillance program in 
WA’s southern growing regions for the presence 
of this disease. It was identified in three locations 
in the Albany and Esperance port zones, the first 
record of the disease in WA. 
Ramularia leaf spot in barley.
As part of a national project led by research scientist 
Andrea Hills, leaf and seed tests will help determine 
whether the disease is present in the other 
mainland states and show the current distribution 
of Ramularia leaf spot in WA. The surveillance work 
will also collect fungal isolates for further testing 
to determine whether sensitivity to the main three 
fungicide groups used in WA cropping systems has 
changed.
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Doublegee 
Doublegee (Rumex hypogaeus) is the fifth most 
costly weed in WA agriculture. It is estimated 
that growers lose $754 000 per year through 
lost production and control costs. More than 
50 per cent of wheat yield can be lost with 
doublegee densities of 50 to 120 plants/m2.
Individual plants can produce an impressive 
1100 seeds along their branches but, 
disturbingly, they also produce hidden and 
subterranean seeds at the base of the plant 
crown. DPIRD research scientist Dr Catherine 
Borger investigated when these underground 
seeds are produced compared to their above-
ground counterparts and how fast they mature.
Catherine found that the subterranean seed 
were produced earlier than above-ground 
seed. Underground seeds were produced by 
the time the plant had just four leaves while 
the above-ground seed was produced later 
– once the plant had five leaves. The findings 
have implications for the timing of herbicide 
applications. The current recommendation on 
many herbicide labels is to spray doublegee 
at the two to four-leaf stage but according to 
Catherine’s work this is too late to prevent seed 
set completely. Late spraying could explain 
why complete eradication of doublegee has 
Doublegee (Rumex hypogaeus).
been so difficult. Given the abundance and early 
development of the subterranean doublegee seeds, 
the use of a pre-emergent residual herbicide will 
be necessary to completely prevent seed set. 
Catherine’s work to better understand doublegee 
growth and development is continuing.
Understand
Controlling weeds, pests and diseases is all about 
understanding how and when they reproduce, grow 
and spread. By unravelling the lifecycle of a weed, 
pest or disease it is possible to identify when it will 
be most vulnerable to cultural or chemical control. 
The Crop Protection team is investigating the 
biology and epidemiology of a range of weed, pest 
and disease species to determine how and when to 
best control. 
The goal is to find weak spots for each species.  
For example:
• When is an insect most vulnerable to a bait or 
spray?
• How do seasonal conditions influence  
aphid–virus populations?
• How long do weed seeds and fungal fruiting 
bodies last in the soil?
• When do grass weeds shed their seeds? 
• How soon do weed seeds become viable after 
seed-set?
• Can fungal resting bodies such as sclerotes be 
destroyed at harvest via mechanical crushing?
• How do seasonal conditions affect the lifecycle 
of fungal diseases?
• When are snails most hungry and therefore most 
likely to eat baits?
• How does sowing time affect the disease risk  
in spring?
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Manage
Crop Protection team members integrate their early 
warning systems and biological knowledge into 
management systems so that growers are not only 
aware of emerging pest outbreaks but to manage 
pests and diseases using a combination of chemical 
and non-chemical strategies. 
Modelling pest and disease populations throughout 
the season and under a changing climate is a central 
focus of the Crop Protection program. Using pest 
and disease monitoring data collected early in the 
season to predict the likelihood of an outbreak later 
in the crop’s lifecycle allows growers to be prepared 
for an issue before it gets out of hand. 
Blackleg in canola.Blackspot in field peas.
Blackspot in field pea and blackleg in canola are 
major fungal diseases in Australian cropping regions.
The blackspot risk forecast model known as 
Blackspot Manager predicts the blackspot risk of 
a specific location up to two weeks in advance. 
Blackspot alerts are sent to subscribers across 
Western Australia, South Australia, New South Wales 
and Victoria through SMS and email, with a risk level 
for each grower’s local area. 
With no varietal resistance, and little in the way of 
chemical control to manage blackspot of field pea, 
cultural methods are the most effective way to 
minimise the impact of this disease; these include 
include delaying sowing until at least 50 per cent of 
the spores have been released from the previous 
season’s stubble.
The canola blackleg model monitors the maturation 
of blackleg fruiting bodies on the previous season’s 
stubble and, using local weather data, predicts 
the risk that spore release will coincide with the 
susceptible stage of the crop. A risk forecast is 
produced each week of the canola sowing window 
for locations across the WA grainbelt and is provided 
to growers via the DPIRD website and Pestfax. The 
predicted maturity date of blackleg spores helps 
growers decide if fungicide application is warranted 
at the time of sowing. The forecasted risk information 
can also be entered into the BlacklegCM decision 
support tool to help with foliar spray decisions at the 
four to six-leaf stage of the crop.
Localised models 
predict disease-
free sowing dates 
Weekly disease forecasts delivered by DPIRD 
research scientist Jean Galloway and her 
colleagues are providing canola and field pea 
growers across Australia with safe sowing 
windows to avoid fungal pathogens. 
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DPIRD technical officer Amber Balfour-Cunningham 
examines an insect trap used to send early warnings 
about pest levels across WA’s cropping areas.
Canola flower head infested with green peach aphids.




statewide pest and 
disease control 
High resolution multispectral drones,  
solar-powered remote cameras, 3D 
printers, automated insect and spore traps 
and novel DNA tests are being dispatched 
across the Western Australian grainbelt to 
monitor the state’s grain production zones 
for seasonal pests and diseases. 
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THE NEW APPROACH to protecting WA’s $5 billion grains industry is 
saving time and money while delivering management systems fine-tuned 
for local conditions.
DNA test sparks early warning to manage  
viral spread
The green peach aphid is one of the world’s most destructive pests and 
WA’s billion-dollar canola industry has just one foliar insecticide left to 
keep it at bay.
The tiny insect is known to suck on the sap of 400 plant species 
worldwide, from peaches and potatoes through to canola and wild radish. 
While feeding, the aphid can infect its hosts with hundreds of different 
types of plant viruses. 
In canola, the ‘turnip yellows virus’ is transmitted via the aphid’s sucking 
mouthparts and can reduce seed yields by 50 per cent and cause costly 
oil quality downgrades in the remaining yield. 
As the virus replicates itself inside the cells of the canola plants, it robs 
the crop of photosynthetic sugars and effectively starves it of nutrition, 
leading to less biomass production and lower seed yields. Once a plant is 
infected, it remains so for life.
Symptoms of the disease only show up in the canola plants once the 
virus has got out of control, at which point spraying for the aphid is 
ineffective. Early detection of the virus is therefore key to managing the 
disease and ensuring that the one remaining insecticide for the aphid’s 
control is used judiciously and at the right time.
Until recently, the virus could only be detected retrospectively using 
time-consuming laboratory testing on infected plant tissue. But innovative 
work by DPIRD research scientist Dr Ben Congdon and colleagues is 
developing an early warning system to alert growers to the presence of 
the virus before it spreads too far. 
DPIRD research scientist Dr Ben Congdon tests the DNA of green 
peach aphids to determine if they are carrying the costly ‘turnip 
yellows virus’, which can cause large losses in canola crops.
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Aphids not carrying the virus do minimal damage  
to the canola crop but, when left uncontrolled, a 
virus–aphid combination can infect an entire canola 
crop within just a month. Ben’s early detection 
system for the virus is therefore an important tool 
in the battle against the disease. Growers can now 
proactively spray for aphids before they spread the 
virus into the crop. Importantly, the early warning 
system also means that crops without the virus can 
be left unsprayed, which will delay the development 
of aphids with resistance to the last remaining  
in-crop chemical, reduce costs and protect 
beneficial insects.
The test is cheap, takes just 30 minutes and is 
sensitive enough to detect the DNA of just one 
virus-carrying aphid amongst 100 virus-free aphids.
By using a DNA method currently being 
used to fast track identification of 
COVID-19 infections, Ben can determine 
whether green peach aphids trapped 
on strategically placed sticky traps near 
canola crops are carrying the destructive 
‘turnip yellows virus’. 
A sticky trap captures tiny green 
peach aphids near a canola 
research trial being run by DPIRD 
research scientist Dr Ben Congdon 
(background and right). Also 
pictured is DPIRD Crop Protection 
manager Dr Sally Peltzer.
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The green peach aphid is not only one of the 
world’s most destructive pests, it has also 
gained a reputation for overcoming many of 
the insecticides used against it. Australian 
populations of green peach aphid are now known 
to resist four different chemical groups: synthetic 
pyrethroids, organophosphates, carbamates 
and neonicotinoids. Just one foliar insecticide 
remains effective against the aphid, the systemic 
chemical sulfoxaflor. Disturbingly, the resistance 
mechanism that some aphid populations have 
developed against neonicotinoids (currently used 
as a seed dressing with variable efficacy) has been 
found in Europe to also confer cross resistance to 
sulfoxaflor. Should these aphids enter Australia, or 
resistance to sulfoxaflor evolve independently in 
Australia, growers would be left with no chemical 
management options for the green peach aphid.
Preservation of sulfoxaflor’s effectiveness is 
therefore critical to the ongoing control of ‘turnip 
yellows virus’ in Australian canola crops. Use of 
Ben’s early warning system means that this last 
remaining chemical need only be used when 
required.
Green peach aphid (Myzus persicae).
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DPIRD research scientist 
Christiaan Valentine is 
developing and testing an array 
of novel insect and disease traps 
to enable remote monitoring 
of seasonal pest and diseases 
across the WA grainbelt. 
The goal is to remotely intercept seasonal pests 
such as native budworm as the moths migrate from 
the pastoral region to the agricultural region.
The automated traps are 3D printed then laced 
with pheromones to attract the target species. 
Each unit contains a camera to record an image of 
moths inside the trap. When an image is taken, it is 
automatically uploaded via the mobile network so it 
can be analysed for moth type and abundance.
The remote trapping system will enable more 
accurate monitoring of the moth species which, in 
some seasons, can cause widespread damage to 
WA’s pulse and canola crops and pasture legumes. 
The monitoring data will be used to provide an 
early warning system to growers so that they can 
The research will provide growers with real-
time surveillance information about when 
and where to apply targeted pesticides 
and fungicides. The data will also be used 
by DPIRD crop modellers to predict how a 
disease might spread throughout a region 
given specific seasonal conditions.
DPIRD research scientist Christiaan Valentine 
about to install an array of solar-powered native 
budworm traps across the WA grainbelt. 
Native budworm (Helicoverpa punctigera).
Diamondback moth (Plutella xylostella).
target their costly monitoring efforts and be better 
prepared to control the pests before they spread 
too widely.
In other research, Christiaan, together with Jean 
Galloway, is developing and testing automated 
spore collection units which ultimately will be used 
to quickly diagnose and manage a range of fungal 
diseases in grain crops. As fungal spores move 
through the air, the traps collect them onto sticky 
microscope slides.    
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To quantify how the fungal disease responds to 
seasonal conditions, DPIRD researchers have 
installed solar-powered cameras across eight WA 
grainbelt sites to monitor sclerotinia spore release in 
relation to rainfall, temperature and humidity. 
The goal is to use crop modelling to develop 
localised early warning systems for sclerotinia 
and to improve spray decisions made using the 
SclerotiniaCM decision-support tool.
Crop Protection
SURVEILLANCE CAMERAS located in WA 
cropping paddocks are being used to monitor 
when spores are released by the costly pathogen 
sclerotinia stem rot, a fungal disease capable of 
knocking 20 per cent from the annual yield of the 
state’s one-billion-dollar canola industry.
To control sclerotinia effectively and economically, 




Main photo: Remote camera captures the 
emergence of sclerotinia fruiting bodies (above).
Every three to four hours 
the cameras automatically 
send photos of the 
sclerotinia inoculation sites 
via the mobile network, 
allowing DPIRD research 
scientist Jean Galloway to 
remotely monitor the fungal 
lifecycle in real time.
Spraying too early with just one spray can leave 
the window open for a further infection in spring, 
while spraying too late will be a waste of time and 
chemical or, even worse, lead to chemical residues 
in the canola grain.
However, the best time to control the disease is 
intimately linked to seasonal conditions and, as 
such, can vary from year to year.
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Pest monitoring made easier with 
eyes in the sky
As property sizes in WA continue to increase, so 
too does the challenge of monitoring them for 
pests and diseases, which often occur in hot spots 
rather than uniform outbreaks across paddocks 
and properties.
Crop monitoring is currently done by walking into 
a paddock for about 50 metres to look for plants 
showing signs of insect damage or stress and to 
capture hidden insects using a sweep net. But 
with pest infestations often forming in hot spots 
there will always be a degree of error involved in 
using human legs and eyes alone to monitor crops 
across large properties. As a result, disease and 
pest hot spots that are discovered represent just a 
tiny proportion of the entire crop which can result 
in spraying more of the paddock than necessary, 
while hot spots that are missed can result in a 
decision not to spray at all. 
The new technology is a significant advance on 
previous drone monitoring systems as it forgoes 
the need for expensive computer hardware 
and software to process and piece together 
multispectral camera images. Instead, the drone 
live streams the NDVI imagery to allow the operator 
to quickly identify areas of the paddock showing ill 
health. These areas can then be targeted for more 
intensive monitoring and a decision made on the 
necessity for spraying.
To overcome monitoring error and to ensure pesticides are 
used efficiently, DPIRD research scientist Dr Dustin Severtson 
is using the latest drone video technology to capture a 
paddock’s health status in real time using a system known 
as live normalised difference vegetation index (NDVI), which 
effectively measures stress and health in crop plants.
Information gathered via the live stream technology 
will be used to augment and expand DPIRD’s 
CropScout app. The app, developed by Dr Dustin 
Severtson and his colleagues, allows growers to 
make more informed spraying decisions based on 
pest and disease thresholds in monitored crops. 
The overall aim of the project is to make chemical 
management decisions more effective by ensuring 
pests and diseases are sprayed only when 
necessary, thereby reducing the occurrence of 
unnecessary spraying and the build-up of chemical 
resistance amongst insect pests and pathogens.
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Map highlighting patches of crop that are stressed (red/blue) 
and which require further monitoring.
DPIRD research scientist Dr Dustin Severtson is using 
drone technology to monitor crop health in real time.
86  DPIRD RESEARCH HIGHLIGHTS 2021
Crop ProtectionGrains
EACH YEAR, WEEDS SEND the Western 
Australian cropping industry an invoice for one billion 
dollars to cover their estimated $100 per hectare 
impact on grain yields and management costs. 
Reducing this enormous invoice is a central 
research focus of the DPIRD Crop Protection team.  
One of the challenges in weed management is 
keeping abreast of ‘new’ weeds as they emerge 
in cropping systems. Many of these weeds have 
in fact been around for decades but a changing 
climate, minimum tillage and herbicide resistance 
have enabled what were once considered minor 
weeds to take up a more prominent place in 
cropping and pasture paddocks.
Understanding the behaviour of such weeds —
how they grow, reproduce and persist in cropping 
systems — is the key to their control because it 
enables researchers to expose and exploit potential 
weaknesses in the lifecycles of these costly plants. 
For example, in the past decade great brome and 
barley grass have risen in importance in Australian 
cropping paddocks. Collectively the two weeds cost 
the nation’s grain growers more than $20 million 
each year in lost production and control costs. In 
the case of brome grass, herbicide resistance has 
forced growers to use more expensive herbicides, 
resulting in their spending an additional $3 million a 
year on chemical control of this species.
DPIRD research scientist Dr Catherine Borger has 
spent the past five years investigating how great 
brome and barley grass succeed so well in cropping 
systems and whether they have any exploitable 
weaknesses. Catherine quantified the germination 
pattern of the two grasses along with their seed 
production and seed shedding behaviour over time 
and between seasons. She found that great brome 
in particular displayed a staggered germination 
pattern making herbicide control problematic and 
allowing it to go on to produce more than  
1500 seeds/m2 in-crop. 
Mechanical destruction of weed seeds during 
crop harvest using a specialised seed destructor 
attached to the header was pioneered in WA in the 
1990s. The system captures weed seeds in the 
chaff fraction of the crop harvest and crushes the 
seeds, rendering them unviable. The crushing mill 
can destroy up to 99 per cent of the weed seeds, 
driving down the weed seedbank in the soil and 
reducing the need for in-crop chemical control.
Disarming 
the enemy
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Catherine investigated whether the mechanical 
destruction method could be used to better manage 
brome and barley grass populations in crops.
While both weed species tended to shed their seed 
onto the ground before harvest, the proportion of 
seed held on the weeds at crop harvest each year 
varied significantly — from 0 per cent to 70 per 
cent — depending on the season. Despite this large 
seasonal variation in seed retention, Catherine found 
that mechanical destruction could still significantly 
reduce the weed seed population over time.
Using the DPIRD-developed simulation model 
Weed Seed Wizard, Catherine processed the 
field research data to demonstrate how a mix of 
chemical and mechanical control affected the weed 
seedbanks.
When great brome was controlled by herbicide 
alone and just one per cent of weed seed was 
captured with the harvested grain, the total weed 
seed in the soil seedbank on 1 December each year 
increased from 319 seeds to 10 954 seeds over 
the six-year study. However, when 20 per cent of 
the great brome seed was destroyed at harvest, the 
number of seeds in the soil seedbank fell to 5925 
within six years. When 60 per cent of seed was 
captured at harvest, total seeds in the soil seedbank 
were lower than the initial starting seedbank of 100 
seeds/m2.
The research indicated that mechanical destruction 
at harvest and in-crop herbicides could effectively 
run down the seedbank of both great brome and 
barley grass species in just three or four years. 
Barley grass 
management – one 
size doesn’t fit all  
A grower-led research program across the  
WA grainbelt is delivering localised management 
systems for the problem cropping weed barley 
grass, for which herbicide resistance is a 
developing issue. 
DPIRD research scientist Dr Catherine Borger 
is working with six grower groups to test barley 
grass populations for herbicide resistance and 
investigate the economics and success of a 
range of cultural and chemical weed control 
methods. Thirty-nine different populations of 
barley grass (suspected of resistance) from 
cropping properties across WA were delivered 
to DPIRD Northam in 2019 for herbicide 
resistance testing. The populations were likely 
to be different species of barley grass, as they 
varied significantly in growth habit and flowering 
time. Without a reliable way to identify them 
genetically, it is effectively impossible to tell 
them apart. Developing herbicide resistance to 
Group A and B herbicides was evident in about 
50 per cent of the populations. The wide range 
in morphology and flowering and seed-set time 
Dr Catherine Borger examining barley grass 
populations in the glasshouse.
means each grower group will need to become 
familiar with its own particular population and 
implement a specific management system 
accordingly. Factors such as plant height, timing 
of seed-set, seed shedding and seed dormancy 
all contribute to how effectively weed seeds 
can be captured and destroyed at harvest 
using harvest weed seed destruction, while 
morphology and developmental patterns affect 
herbicide efficacy. Each grower group is running 
a three-year rotation trial to determine the best 
management system for the barley grass in their 
area. Importantly, the economics of the farming 
systems will be considered when developing the 
final weed management approaches.
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Research scientist Ciara Beard using the DPIRD-developed SclerotiniaCM 
decision support tool to determine whether a canola crop requires spraying 
for sclerotinia.
A newly released decision-support tool developed by DPIRD is 
taking the guess work out of managing the costly and difficult-
to-control fungal disease sclerotinia stem rot in canola. This is 
part of a suite of tools for disease management developed by a 
national team of pathologists led by DPIRD’s Jean Galloway.
Development of the decision-support tool was inspired in part by 
the variable results of nearly 50 sclerotinia research trials run by 
DPIRD scientists across the WA grainbelt. Out of 47 trials only 
a third delivered both a canola yield and sclerotinia response to 
fungicide application. The remaining two-thirds of the trials failed 
to show a canola yield response to fungicide control, indicating 
that the fungicide was either unnecessary or poorly timed.
To infect canola crops, production of the many millions of 
sclerotinia spores must coincide with canola flowering. Diseased 
canola petals must then fall and become lodged in the canopy 
under specific weather conditions for the fungus to enter and 
infect the canola leaves and stems. The decision-support tool  
known as SclerotiniaCM models paddock disease and rotation 
history with local weather conditions and canola development 
to predict whether sclerotinia will develop and whether spraying 
with fungicide will deliver an economic return to the grower. The 
decision-support tool has been validated in field trials in 2018–20 
and has proven accurate in predicting the economic value of 
fungicide applications.
Mobile tool guides 
fungicide timings
DPIRD RESEARCH HIGHLIGHTS 2021   89
GrainsCrop Protection Grains
Rain, rain go away  
There is a common saying among hay producers 
that ‘first you cut, then it rains’. One of the 
problems with rain after hay cutting is that the extra 
moisture can aid the growth of saprophytic fungi. 
These saprophytic organisms feed on the cut hay, 
compromising visual quality and market value. 
Exported oaten hay must adhere to strict quality 
guidelines, and ensuring a consistent supply of  
high-quality product underpins WA’s $130 million 
export hay industry.
DPIRD research scientist Dr Kylie Chambers is 
investigating whether fungicides applied in the 
weeks before hay cutting can provide insurance 
against wet weather damage by reducing the impact 
of saprophytic organisms. The project is part of a 
larger national project on hay agronomy and stems 
from anecdotal evidence suggesting that spraying 
strobilurin-based fungicides three weeks before 
hay cutting can help the crop to retain green leaves 
for longer (preventing the downgrading of hay 
visual quality) while also combatting saprophytic 
organisms post-cutting. Kylie is trialling the use of 
several fungicides and application timings (within 
the registered withholding periods) to quantify how 
they influence green leaf retention and the level of 
saprophytic damage when rain occurs following hay 
cutting. Irrigation is being used to supplement post-
cutting rainfall and maximise results. The research 
will also calculate any economic impact of fungicide 
application on the quality of rain-affected hay.
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The fungal disease spot-type net blotch (STNB) is the 
most dominant disease of WA’s billion-dollar barley 
industry. Work by DPIRD research scientist Geoff 
Thomas is unravelling how a combination of crop 
agronomy and genetics can be used to thwart disease 
development and refine the way fungicides are used to 
control the pathogen.
STNB has grown in prevalence with the growth of 
the barley industry, which now covers 1.5 million 
hectares each year in WA. DPIRD surveys indicate 
that 90 per cent of the state’s barley crops carry a 
certain amount of this fungal disease. STNB is carried 
over each season in barley stubble so planting barley 
onto barley stubble results in emerging crops coming 
into early and close contact with the disease. Most 
barley varieties are susceptible or very susceptible to 
STNB and many WA growers sow barley early in their 
cropping program, which, under favourable conditions, 
prolongs exposure to the disease. STNB infects and 
can eventually kill the crop’s green leaves, reducing 
photosynthetic area and, in turn, grain yield. Yield 
loss is greatest when there is significant rainfall in the 
second half of the season — when the crop is heading 




DPIRD research scientist Geoff Thomas (right) discusses the 
results of his fungal disease trial with colleagues.
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FIGURE 4.  Impact of sowing time, barley variety and fungicide on 
fungal disease severity 
Note: Maximus barley has slightly less susceptibility to the fungal disease spot-type net blotch than 
Spartacus barley. Sowing early (April 23) increases exposure to the fungal disease compared to sowing 
four weeks later in May. Applying fungicide, sowing later and using a variety with even slightly less 
susceptibility (Maximus vs Spartacus) generates the least disease severity.




































Geoff’s research is examining how sowing 
date, variety resistance and fungicide timing 
affect disease development throughout 
the season and final grain yield. Results so 
far show that early sowing (April 23) can 
result in significantly higher disease severity 
at a similar growth stage than when sown 
four weeks later (May 20) and that growing 
very susceptible barley varieties (versus 
moderately susceptible) results in a doubling 
of leaf death and likely lower yields in crops 
left untreated for the pathogen (Figure 4). 
Susceptible varieties in high disease pressure 
circumstances can require multiple fungicide 
applications to combat the disease but 
varieties with even a slight increase in genetic 
resistance (moderately susceptible to the 
disease versus very susceptible) can ward 
off the disease more effectively, reducing the 
frequency of required fungicide treatment. 
Sowing early to chase higher yields will result 
in higher disease levels in years favouring 
the pathogen and these crops will require 
fungicide to combat STNB and achieve the 
yield potential that early sowing provides.
The goal of the research is to model the 
predicted yield and economic impacts of 
sowing time and variety choice with and 
without fungicide applications in seasons likely 
to favour the STNB pathogen. The project 
will enable growers to make more informed 
economic and agronomic decisions about 
the risks involved with sowing susceptible 
varieties early and the returns likely from 
fungicide control of the disease. Ultimately, 
the research will lead to a more refined use 
of fungicides in barley crops, saving growers 
money while increasing yields and slowing the 
development of fungicide resistance. 
In a recent review by Andrea Hills (DPIRD) of more than 25 DPIRD trials, yield losses from 
STNB infection in susceptible varieties occurred in more than half (58 per cent) of trials 
analysed. Successful control of STNB resulted in yield gains ranging from 0.2 to 2.2t/ha, 
which represented from five to 59 per cent of the untreated yield.
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Tillage buries 
pest and disease 
problems
Large areas of the WA grainbelt are susceptible to 
soil constraints such as subsoil compaction, acidity 
and water repellence.  
These soil constraints result in lost grain production 
worth more than $4 billion each year. They can 
also exacerbate yield losses in paddocks infested 
with soilborne disease and nematode pests. 
Over the past decade, deep tillage and soil 
inversion methods have been implemented widely 
to ameliorate problem soils across more than  
250 000 hectares of WA’s grainbelt. Results have 
been impressive with crop yields increasing by 
as much as 50 per cent on ameliorated soils 
compared with those left untreated.
Research is underway to investigate whether 
mechanical amelioration methods reduce soilborne 
disease and nematode pests in the topsoil where they 
can adversely affect crops at establishment.
Plant parasitic nematodes feed on crop roots and 
are a natural part of our soil ecosystem. When 
populations get too high they can significantly 
reduce crop yield as feeding prunes roots and 
reduces nutrient uptake.
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Amelioration methods range from deep ripping 
compacted soil layers at depth through to using 
a mouldboard plough to completely invert the 
subsoil and bring it to the surface. 
The methods aim to create a new soil profile, 
which could influence the distribution of soil borne 
diseases, nematode pests and weeds over time. 
DPIRD research scientist Dr Sarah Collins has 
been investigating if mechanical amelioration 
practices can reduce the influence of soilborne 
crop diseases and nematode pests in paddocks 
where they have a history of causing yield losses.
Root lesion nematodes (RLN) are native to WA 
soils but can multiply rapidly, feeding on and 
damaging susceptible crop roots. Unfortunately, 
WA’s most commonly grown grain crops, wheat, 
barley and canola, are all susceptible to RLN. In a 
bad year these nematodes can cost WA farmers 
up to $110 million in lost yields.
In WA’s grainbelt, major soil borne pathogens 
and nematode pests are usually concentrated 
in the topsoil from 0–10cm of the soil profile. 
Redistributing topsoil pathogens and pests deeper 
into the soil profile could reduce their impact on 
crops, particularly early in the season when crops 
are becoming established. 
Sarah’s research team, in collaboration with the Soil 
Science and Crop Nutrition team, is investigating 
if mechanical amelioration techniques alter the 
prevalence and distribution of nematodes and 
soilborne diseases in the soil profile and if these 
effects persist over time.
The research is also examining the effect of deep 
tillage on the distribution of weed seeds throughout 
the soil profile and whether amelioration results in 
fewer weeds in the following crop. Soil inversion 
provides effective weed control by burying 
weed seeds, mostly in the middle layers of the 
ploughing depth, whereas deep ripping, and deep 
mixing in some cases, stimulate weed emergence 
and seed head production.  
In two seasons since the initial amelioration, 
changes in nematode pests and the soilborne 
pathogen that causes rhizoctonia bare patch have 
varied with the type of mechanical amelioration 
treatment. The magnitude of improvements 
has increased with tillage intensity in the order: 
deep ripping < soil mixing < soil inversion. The 
soil movement created by inversion successfully 
reduced Rhizoctonia solani and nematode pests 
in topsoil but increased them deeper in the profile. 
Deep ripping, which has much less effect on the 
soil profile, did not create enough soil movement 
to significantly change topsoil populations.  
The longevity of changes in R. solani and 
nematode levels over two seasons was 
dependant on the site and nematode species in  
the topsoil and soil depth. In the topsoil,  
R. solani and root lesion nematode species were 
only effectively reduced for the two seasons by 
soil inversion. Conversely, another nematode, 
Pratylenchus neglectus has moved back into 
the topsoil in the sandy soils at Yerecoin more 
rapidly than in the gravelly Darkan soils where soil 
inversion and soil mixing treatments were used.          
The effect of these redistributions will continue 
to be examined to determine if and how long the 
nematodes and diseases remain active at depth.
DPIRD research scientist Dr Sarah Collins 
examines a soil amelioration trial investigating 
whether burying soilborne crop pests and diseases 
at depth can reduce their impact on crop yields.
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Adding the optimum amount of nitrogen and 
potassium fertiliser to crops suffering from the 
fungal root disease rhizoctonia bare patch could 
counter the effects of the disease, which can 
halve wheat yields in some seasons. 
The soilborne fungus grows on crop residues and 
soil organic matter and is adapted to dry conditions 
and lower fertility soils. It causes damage by pruning 
newly emerged crop roots, which results in water 
and nutrient stress to the plant and reduced grain 
yields.
DPIRD research scientist Dr Daniel Hüberli is 
investigating the relationship between nitrogen and 
potassium fertiliser rates and disease incidence. 
A field trial at Muresk found that nitrogen alone, in 
a site low in potassium, increased the level of root 
infection in barley, but also increased grain yield 
especially with the addition of potassium. 
At a sister trial in South Australia with more disease, 
nitrogen applied to infected barley generated 
additional dry matter and yield potential in winter, 
which could not be supported by the diseased roots 
during spring. As a result, the barley crop suffered a 
combination of head loss, lodging and reduced  
grain quality. 
Further work is needed to define the optimum 
amount of nitrogen and potassium required to avoid 
exacerbating disease and potential yield losses. 
DPIRD research scientist Dr Daniel Hüberli.
Rhizoctonia solani, the cause of rhizoctonia 
bare patch, prunes newly emerged crop 
roots, which results in water and nutrient 
stress to crops and reduced grain yields.
Fertiliser might exacerbate crop disease
DPIRD research is investigating the relationship between fertiliser rates 
and disease incidence to determine the optimum amount of nitrogen and 
potassium required to counter the root disease rhizoctonia.
GrainsCrop Protection Grains
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Purpose: contribute to the continual genetic improvement  
of Western Australia’s $5.3 billion grains industry.
Evaluate wild and domesticated  
crop lines for yield, quality, disease
resistance and tolerance to soil
and climatic constraints.
Identify genes responsible for specific
traits and develop plant breeding tools.
Package genes into prebreeding














Dr Darshan Sharma 
MANAGER, GENETIC IMPROVEMENT
DPIRD research scientist Sharon Westcott uses 
marker assisted selection to identify breeding lines 
with promising production traits.
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IF WESTERN AUSTRALIAN FARMERS were 
using the same wheat varieties and cropping 
technology as they were 50 years ago, the state’s 
average wheat yield would be about half of today’s 
at just 0.75t/ha (Figure 5). 
Australian plant breeders release dozens of new crop 
varieties every year. Each new variety is the product 
of decades of research and development and 
contains a combination of genes proven to deliver 
a productivity advantage in yield, quality, disease 
resistance and tolerance to other factors such as 
salinity, soil acidity, drought, heat and frost.
DPIRD’s genetic improvement 
team plays a critical role in these 
plant breeding endeavours.
The researchers identify promising genes in wild and 
commercial crop plants from across the world and 
combine them into breeding lines and user-friendly 
genetic tools that Australian breeders can use to 
develop new and improved crop varieties.  
The work is time consuming and painstaking. It relies 
on complex laboratory techniques and hundreds 
of annual glasshouse and field trials across WA’s 
cropping zones to assess the plants for disease 
resistance, yield and quality improvements and 
their capacity to withstand the challenges of WA’s 
distinctive climate and soil conditions.
FIGURE 5.  Change in Western Australian wheat yields 
over time (1880–2010) and the yield of new wheat 
varieties in the year they were released 
Source: Re-drawn from Angus (2011). Variety yield data from Perry and 
D’Antuono (1989).
Note: New wheat genetics and agronomic packages have resulted in a steady 
increase in WA wheat yields over time. The significant increase in yields after 
1980 was the result of semidwarf wheat varieties and lupins being added to 
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Once crop lines are identified as having traits 
of interest (e.g. yield improvements, disease 
resistance, acid soil tolerance, reduced frost 
susceptibility) the researchers use molecular 
science methods to delve into the crop genomes 
and identify the genes conferring the trait. The 
genes are then stacked together in crop breeding 
lines adapted to WA cropping zones. Molecular 
markers for the identified genes are also developed 
so that plant breeders can ensure the genes 
of interest can be tracked within their breeding 
populations using laboratory tests.
Using this process, DPIRD research scientist  
Dr Manisha Shankar and her team have recently 
completed a decade-long project to gather 
resistance genes from places as far flung as 
Mexico and Syria for the wheat disease yellow 
spot, a fungal pathogen that costs WA farmers as 
much as $100 million each year. The genes and 
their markers are now making their way through 
commercial breeding programs and wheat varieties 
with resistance to yellow spot are due for release in 
the next few years.
Genetics rises to production 
challenges
Crops sown in WA face harsh conditions and a 
range of root and foliar diseases along with several 
soil constraints. Over the past 50 years, annual 
rainfall has dropped by 20 per cent across the 
south-west of WA and the cropping season now 
finishes weeks earlier than it did in the 1970s. 
Identifying promising genes is a bit like finding 
needles in a haystack. For example, the barley 
genome contains about 40 000 genes, and the 
wheat genome contains around 100 000 genes. 
It is therefore no surprise that identifying and then 
locating specific genes associated with yield or 
stress tolerance takes considerable detective work. 
To make matters even more difficult, many traits —
such as those controlling flowering time and grain 
yield — are controlled by hundreds of different 
genes and researchers must determine which of 
the many genes hold the most potential so that the 
genetic information can be stacked together and 
delivered to plant breeding companies in a user-
friendly form.
DPIRD’s Genetic Improvement Group gathers genes from across the world and 
incorporates them into crop breeding lines that commercial breeders use to 
develop new and improved crop varieties for Australian farmers.
Despite all these challenges the yield of WA crops has continued to rise — 
buoyed by stronger genetics and advanced agronomy systems (Figure 5).
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Molecular eyes reveal whole 
genome
Sifting through tens of thousands of genes requires 
complex molecular and computational tools. 
Major advances in both these areas have greatly 
improved the speed and accuracy of DPIRD’s 
genetic investigations. For example, working as part 
of an international team, DPIRD research scientist 
Professor Chengdao Li sequenced the barley 
pan genome (the entire gene set of all strains of a 
species) in just three years using advanced molecular 
and data analytics methods. 
The speed with which the sequencing task was 
achieved is extraordinary given that the barley genome 
contains five billion individual components, each 
of which needed to be identified, then sequenced 
together to form the entire barley genetic story. The 
information gathered through the pan genome project 
has revealed valuable genetic variation across the 
world’s barley lines, which can now be mined for traits 
that will improve barley performance in Australian 
cropping systems for many years to come.
New genes, new crops
DPIRD’s genetic improvement work spans a range of 
crops, from wheat, barley and oats through to lupin, 
pulses and quinoa (Table 1). The wheat, barley and 
lupin research operate at the pre-breeding end of the 
crop breeding process, i.e. identifying and collecting 
genes for delivery to commercial plant breeders. The 
oat, pulse and quinoa work is done in collaboration 
with government agencies to breed new varieties.
Table 1. Scope of DPIRD crop genetics work and achievements of the program from the past few years
Crop Traits being investigated Recent achievements 
Wheat Flowering time, yield, grain 
quality, nitrogen use efficiency, 
grain fill, disease resistance, 
tolerance to soil constraints, 
drought and frost
• New genes and new combinations of disease resistance delivered 
to all breeding companies in Australia
• Genetic tolerance to high sodium (sodic) soils identified and lines 
developed and offered to breeding companies 
• Genes for rapid germination under limited water availability 
identified
Barley Flowering time, yield, grain 
quality, disease resistance, 
tolerance to acid soil, climate 
change, drought and frost, 
reduced head loss and sprouting 
• New acid soil tolerant lines with the potential to increase yield by 
30 per cent on acid soils
• Molecular tools developed for elimination of blue aleurone,  
pre-harvest sprouting, black point and discoloration
• Barley pan genome mapped and published, and molecular markers 
and germplasm identified for breeding barley with improved 
environmental adaptation
Oats Disease resistance, variety 
testing
• New varieties Bilby, Kowari and Durack developed for WA growing 
conditions
Pulses Disease, flowering time, variety 
testing
• New varieties of lentil and chickpea identified for WA growing 
conditions from national breeding program
Lupin Yield, flowering time, alkaloid 
content, pod shattering and 
disease resistance
• New genes for yield and disease resistance identified and stacked, 
molecular markers developed and offered to plant breeders
Quinoa Yield, quality • New variety Kruso White released in 2020 
“It is estimated that improving the genetic tolerance of barley to soil acidity could deliver WA farmers $30 million in extra productivity each year.   
PROFESSOR CHENGDAO LI
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Ancient grain resurrected on 
modern farms  
Behind the recently announced quinoa variety, Kruso 
White, lies years of dedicated research by DPIRD 
staff in Kununurra, South Perth and Northam.
Trials started at the department’s Kununurra 
Research Station in 2012, with just three grams of 
seed to determine whether the crop would perform 
well in the north.
It did, and the following years of research led to the 
development of Kruso White, a medium standing, 
robust variety that can be grown successfully from 
the Kimberley right through the WA grainbelt under 
rain-fed and irrigated systems, in winter, spring 
or autumn. The new variety has also generated 
interstate interest. 
Kruso White is being promoted as the key to 
transitioning quinoa from a niche, cottage crop to 
wider adoption across Australian broadacre farming.
Production of quinoa has risen globally, from  
23 000 tonnes in 1990 to almost 200 000 tonnes in 
2019.
DPIRD research scientist Dr Harmohinder  
Dhammu and his team assessed Kruso White  
across WA’s cropping zones. Average yield of the  
new quinoa variety across 15 national trials was  
1.5 tonnes/ha, with a yield range of 0.5–3.1 tonnes/ha. 
Gross margins of Kruso White production were found 
to be double that of wheat and canola under rain-fed 
conditions at Geraldton, WA, assuming a quinoa yield 
of just 1 tonne/ha.
DPIRD research scientist Dr Harmohinder Dhammu in a quinoa variety trial at Geraldton, 
WA, where Kruso White yielded the highest (3.1 tonnes/ha) among the national trials.
In 2019 Plant Breeders Rights were granted for 
the new variety and seed was sent to the USA and 
China for analysis of seed characteristics (protein, 
weight and amino acid package).
DPIRD has developed an agronomy management 
package for Kruso White, which will now be available 
to growers.
Research into quinoa continues in conjunction with 
global research partners.
To increase the genetic material available 
for commercial quinoa production, DPIRD is 
collaborating with King Abdullah University of 
Science and Technology in Saudi Arabia and 
the Northern Australia Crop Research Alliance, 
which is based in the Ord River irrigation area, 
to investigate more than 1000 lines as part of a 
global research project. 
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International genes offer disease 
resistance promise   
New wheat varieties with improved resistance to the 
fungal disease Septoria nodorum blotch (SNB) are 
a step closer, with the discovery of suitable wheat 
germplasm and several resistance genes.
SNB costs WA growers about $108 million each 
year due to early leaf death and reduced grain fill, 
particularly in high rainfall areas and in wet years. 
DPIRD research scientist Dr Mike Francki and his 
team assessed wheat lines from Australia, Mexico 
and Syria in six different environments across the 
WA grainbelt and found a total of 19 local and 
international lines with good and consistent SNB 
resistance.
The best performers against SNB included varieties 
and advanced breeding lines sourced from the 
International Maize and Wheat Improvement Centre 
(CIMMYT) in Mexico and the International Centre 
for Agricultural Research in the Dry Areas (ICARDA) 
based in Lebanon.
Four lines from CIMMYT and ICARDA showed 
consistently low SNB response across all 
environments against 42 different SNB fungal 
isolates, when evaluated in field trials at DPIRD’s 
Northam, Katanning and Manjimup research facilities.
DPIRD research scientist Dr Michael Francki and project 
scientists Dr Dora Li (Murdoch University) and Esther Walker 
(DPIRD) have identified genes conferring resistance to the 
costly fungal disease Septoria nodorum blotch.
The team used genetic marker technologies 
to localise some of the genes responsible for 
SNB resistance to specific regions of the wheat 
genome.
Each of the 234 wheat lines was screened using 
more than 23 000 genetic molecular markers, 
spanning the entire wheat genome. Associations 
with disease response were then made for each 
marker.
Several individual genes appear closely linked on 
the same chromosome, with evidence that each 
gene responds independently to different fungal 
isolates and environments. The discovery has 
enabled scientists to refine their understanding 
of the genetic and environmental interactions 
that influence SNB disease response, which will 
help to make breeding for SNB resistance more 
efficient.
Wheat lines with consistent SNB resistance 
across WA environments were used to combine 
genes into WA-adapted wheat breeding 
material. The research will ultimately help wheat 
breeding companies develop more tailored and 
robust varieties with improved SNB resistance 
that perform well throughout the WA grainbelt.
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Sodicity is the result of high levels of sodium being 
retained in the subsoil. This high sodium level 
causes clays to disperse, which reduces drainage 
and renders the subsoil hostile to plant roots. As a 
result, crop and pasture yields decline.
Sodicity affects nearly a third of all soils in  
Australia and costs the agricultural industry as much 
as $2 billion each year in lost production. 
Soil surveys indicate that sodic soils cover about 
1.5 million hectares or eight to 10 per cent of the 
Western Australian grainbelt and cost WA growers 
about $0.5 billion in lost production each year.
DPIRD research scientists Dr Darshan Sharma 
and Rosemary Smith have been part of a six-year 
national research program aimed at identifying wheat 
breeding lines with genetic tolerance to sodic soils.
Wheat lines originating from crosses made in 
a previous Australian Centre for International 
Agricultural Research (ACIAR) project were grown 
across the WA grainbelt and assessed for growth 
and yield. 
Several elite lines with improved yield and tolerance 
to sodic and dispersive soil have been selected and 
are currently being assessed across Australia as 
part of a national sodic soils project. 
The lines are on offer to wheat breeders so that 
genetics conferring tolerance to sodicity can make 
their way into Australian wheat breeding programs.
Wheat genes sought for problem soils
DPIRD research scientists Rosemary Smith (right), Dr Darshan Sharma (second from right) and  
Dr Bob French (third from left) along with Australian Grain Technologies wheat breeders Dr Usman Ijaz 
(left), Dr Russell Eastwood (second from left), and Dr Dion Bennett (fourth from left) inspecting elite 
lines of wheat developed by DPIRD for tolerance to sodic, magnesic and dispersive soils.
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Pulses bred for WA 
conditions  
DPIRD research scientist Mark Seymour 
(pictured) and technical officers Pam Burgess 
and Chris Matthews contribute to pulse 
breeding programs in WA. The trials provide 
Australian lentil, field pea and chickpea breeders 
with flowering times and maturity dates of plant 
breeding lines under WA conditions. Due to 
the abundance of high sodium (sodic) soils in 
the Esperance region, the DPIRD team also 
measures soil conductivity (EM38) in mid-winter 
on all trial plots to ensure future crop varieties 
are adapted to the sodic soil constraints. 
Flowering time, maturity dates and EM38 
readings are collated and sent to breeders to 
combine with pulse datasets collected in other 
Australian states. The combined analysis is then 
used to determine which lines are released as 
new varieties to growers.
DPIRD research scientist Mark Seymour. 
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A major breakthrough in frost research has been 
achieved, with the discovery that a type of bacteria 
found on some stubbles could elevate the risk of 
frost damage in cereal crops, particularly after rainfall.
The research is part of a two-year DPIRD 
project funded by the Council of Grain Growers 
Organisations (COGGO) and led by DPIRD research 
scientist Dr Ben Biddulph.
Field trials over the past two seasons at the 
department’s Dale frost nursery show wheat 
grown on stubbles with ice nucleation active (INA) 
bacteria froze from the ground up at temperatures 
four to five degrees warmer than without stubble.
INA bacteria produce a protein that increases 
the freezing point of water, heightening the risk of 




shines light on 
frost damage
DPIRD frost research scientist Dr Ben Biddulph is leading a research project investigating 
the contribution of stubble-borne bacteria to frost damage in wheat. The research has 
found that wheat grown on stubbles with ice nucleation active bacteria froze from the 
ground up at temperatures four to five degrees warmer than without stubble.
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International frost 
collaboration    
DPIRD research scientist Dr Ben Biddulph has 
developed a rating system for frost damage in 
the field that enables wheat to be quantified for 
susceptibility to frost-induced sterility at flowering 
time. The system has since made its way to 
Argentina via PhD student Diana Martino, who was 
supervised by Ben when she visited Australia in 
2013 to complete part of her research studies. 
Diana was given access to the wheat germplasm 
she worked on in Australia and has now assessed 
those wheats along with Argentinian wheat lines 
for reproductive frost tolerance in Argentina. The 
Australian–Argentinian research collaboration 
has helped confirm genotype variations in frost 
susceptibility across the southern hemisphere. 
The results will stimulate international research into 
identifying improved sources of frost tolerance.
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Argentinian PhD student Diana Martino is collaborating 
with DPIRD to investigate frost tolerance in wheat.
While the phenomenon has been 
observed in horticulture crops, this is the 
first time it has been confirmed in WA 
cereal crops.
Pure water alone did not cause frost 
damage, indicating it was the bacterial 
ice nucleating proteins that contributed 
to the frost damage.
The preliminary findings indicate that 
the increased frost damage associated 
with crops growing in stubble is linked 
to bacteria living on the decaying crop 
residues and the ice nucleating proteins 
they produce.
The research findings are not a ‘silver 
bullet’ to frost mitigation but do open the 
door to management options, treatments 
and plant breeding strategies to be 
investigated further to protect crops from 
the risk of frost damage.
In horticultural systems globally, 
bactericides and management practices 
are used to manage INA bacteria and the 
bacterial blight they cause, while in other 
crops genetic variation for bacterial blight 
is used in breeding programs. 
Genetic Improvement Grains





DPIRD RESEARCH SCIENTIST  
Dr Manisha Shankar has spent the past 
decade sifting through the 100 000 
genes of the wheat genome to find the 
handful of genes conferring resistance to 
one of Australia’s most significant wheat 
diseases, yellow spot. 
Armed with a suite of genomic tools and 
breeding techniques, it took Manisha and 
her team about a decade to identify the 
20 genes across various chromosomes 
that protect wheat from the effects of the 
yellow spot fungus. 
DPIRD research scientist Dr Manisha Shankar 
(front right) and her team have discovered 20 
genes conferring resistance to one of Australia’s 
most significant wheat diseases, yellow spot.
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The most promising genes are 
now making their way through 
commercial wheat breeding 
programs with the hope that new 
wheat varieties with resistance 
to yellow spot will be developed 
within the next few years.
Nationally, yellow spot is rated as the second most 
damaging wheat disease behind stripe rust. It costs 
growers up to $30 per hectare in lost production 
and fungicide costs in hard-hit areas. At a state 
level, the disease is estimated to cause yield losses 
of more than $100 million each year.
Controlling the disease with fungicides is 
problematic because yellow spot spores remain on 
stubble throughout the year. Leaf infections in the 
lower canopy can re-infect upper leaves later in the 
season — which effectively means the disease is 
never actually killed.
Genetic resistance is the only sure way of curbing 
the disease. 
Manisha leads the national pre-breeding project 
for yellow spot, which started in 2010 with just 
one resistance gene available to Australian wheat-
breeding programs. While this gene conferred 
good yellow spot resistance, it did not explain the 
full spectrum of resistance evident in breeding 
trials, prompting the research team to look for 
other resistance genes they could stack together 
to generate a robust resistance package for plant 
breeders.
To search for new resistance genes, Manisha and 
her team scoured through 3000 individual wheat 
lines from Syria, Turkey and Mexico as well as a 
range of Australian wheat lines. 
DPIRD research scientist Sue Broughton specialises in a genetic method known as 
doubled haploid, which is used to speed the breeding of new crop varieties.
Each of the many thousands of lines was grown 
in glasshouse trials and sprayed with yellow spot 
spores to assess for resistance to the disease. Over 
the course of several trials and seasons a group of 
wheat lines showing field resistance to the disease 
was identified. These lines were then grown in 
field trials across Australia over several seasons to 
confirm their resistance capacity. 
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Lines established as resistant were then crossed 
with suitable Australian wheat varieties to develop 
research populations using a specialised genetics 
technique known as doubled haploid technology.
The populations were assessed for disease 
resistance at various growth stages and across a 
range of environments nationally, and analysed at 
the molecular level to identify the genetic basis of 
their resistance. The 20 new genes were identified 
from this process.
Several resistance genes were then purposely 
stacked together into lines adapted to a range 
of Australian cropping regions to create robust 
resistance packages for commercial wheat breeders.
Wheat lines with combined resistance to 
three significant fungal diseases have been 
discovered within thousands of international 
breeding lines brought to WA for yellow spot 
resistance screening.
Research scientist Dr Manisha Shankar and 
her team are now developing doubled haploid 
populations using the triple resistant lines, 
which could one day provide sources of resistance 
for commercial breeding programs. Out of an 
original 2445 screened lines from Mexico, Turkey 
and Syria, just seven wheat lines were found 
to contain moderate to high levels of disease 
resistance genes for all three diseases. Collectively, 
the diseases (yellow spot, nodorum blotch and 
powdery mildew), cost the WA wheat industry more 
than $200 million each season in lost production 
and control costs.
Septoria nodorum blotch. Powdery mildew.Yellow spot.
Exciting find delivers triple the resistance  
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While this has not yet happened with yellow spot in 
Australia, stacking several resistance genes together 
in the one breeding line makes it more difficult for 
the pathogen to break down the wheat crop’s 
defences. 
Each of the stacked genes has a corresponding 
marker developed through the Australian Wheat 
and Barley Molecular Marker Program, based at 
the University of Adelaide. The markers act as gene 
‘flags’ that enable breeders to keep track of multiple 
genes during variety development and determine 
if new crosses contain the valuable resistance 
genetics.
The ‘Germplasm enhancement for yellow spot 
resistance in wheat’ project is a collaborative project 
between DPIRD, the University of Adelaide, the 
Victorian Department of Environment and Primary 
Industries, the Queensland Department  
of Agriculture, Fisheries and Forestry, and  
Curtin University.
DPIRD is a partner in the National Oat Breeding 
Program, which is responsible for breeding and 
developing new oat grain and hay varieties with 
superior quality.
The WA oat industry generates about  
$200 million for the state economy each year 
through the production of milled (rolled) oats for 
human consumption and feed oats and oaten hay 
for livestock production.
Incorporating disease resistance into new oat 
varieties is a key focus of the national breeding 
program. 
In Australia, a range of fungal, bacterial and 
viral pathogens infect oats and reduce yield and 
quality of grain and hay crops.
DPIRD’s genetic and plant pathology scientists 
contribute to the national oat breeding efforts 
by assessing breeding material for disease 
resistance each season and delivering results of 
the research to oat breeders for analysis.
National effort breeding resistant oats
Like all pathogens, yellow spot 
has the capacity to mutate and 
overcome a plant’s genetic 
resistance.
DPIRD oat breeding scientist Dr Mirza Dowla (left) along with DPIRD plant pathologists Dr Manisha 
Shankar, Ryan Varischetti, Geoff Thomas, Dr Hossein Golzar and Dr Sanjiv Gupta (Murdoch 
University) assessing oat breeding material for resistance to foliar diseases at Manjimup, WA.
Genetic Improvement Grains
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ANALYSIS BY DPIRD research scientist 
Professor Chengdao Li and his team has revealed 
that Australian barleys contain enough genetic 
resilience to achieve yield increases for the next 
30 years, even in the face of predicted climate 
change.
The recently published research found barley 
yields had increased by 50 per cent in the past 
30 years and that more than 70 per cent of this 
increase was due to the genetics of new varieties 
(Figure 6).
Barley genes 
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Chengdao and his colleagues then dug deeper into 
the production data to determine how the barley 
yields had continued to increase through time. They 
found that by selecting for yield the plant breeders 
had inadvertently been selecting for earlier flowering 
time; the most recently released barley varieties 
have been flowering up to a week earlier than their 
historical counterparts. By flowering earlier, the barley 
varieties have been better able to escape the end-of-
season heat and drought brought about through a 
changing climate, and have had more time to fill  
their grain.
The next task was to determine how much genetic 
flexibility remained within the Australian barley 
genome to enable breeders to develop varieties that 
would continue to thrive over the next 30 years of 
climate change.
The research team identified more than 100 genes 
in the barley genome that controll flowering time 
and/or yield. By focusing on a proportion of genes 
that control both flowering time and yield, Chengdao 
and his colleagues developed three breeding lines 
that contain genes holding the most promise for 
yield increases into the future. Specialised digital 
markers for the genes have also been developed 
which will enable plant breeders to use a digital 
scanner to identify which genes have been brought 
across into barley crossing programs. 
The breeding lines and digital markers have recently 
been delivered to Australian breeding companies 
along with information about the yield and flowering 
time traits. 
FIGURE 6.  Annual increase in average Australian 
barley yields between 1950 and 2020 compared to 
the potential yield of new barley varieties 
Note: About 70 per cent of the annual yield increase can be attributed to 
genetic improvements in new varieties.
By unravelling the genes that confer yield success 
in barley, Chengdao says future barley varieties 
can now be designed to overcome the challenges 
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Australian barley yields have increased by 50 per cent 
in the past 30 years and more than 70 per cent of this 
increase is due to the genetics of new varieties.
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DPIRD RESEARCH SCIENTIST Professor 
Chengdao Li and his team have played a central 
role in an international collaboration to decode the 
collective genome of all the world’s barley populations, 
otherwise known as the barley pan genome.
The research, which was recently published in the 
prestigious scientific journal Nature, has effectively 
decoded barley’s global genetic library, giving plant 
breeders the ability to ‘read’ the barley genome 
and better focus their efforts to develop varieties 
with improved yield, quality, disease resistance and 
environmental adaptation.
The enormous genetic task took just three years 
and involved scientists across seven countries and 
a suite of advanced molecular and computational 
tools. 
Containing 40 000 genes, the barley genome 
is constructed from an astonishing five billion 
individual components (bases) spread across seven 
chromosomes. Chengdao and his colleagues 
decoded each of the five billion bases within the 
40 000 genes of 20 individual barley genomes, 
including a key Australian variety RGT Planet, which 
collectively were shown to span the genetic diversity 
of all the world’s barleys. 
Once decoded, the barley genome presented to the 
research scientists as an enormous jigsaw puzzle of 
billions upon billions of individual base pieces. Each 
base is represented by one of the four letters (G, C, 
A, T) that make up the base-pair units in DNA.
The challenge then became how to piece the letter-
bases back into genes and determine what each of 
the genes contributed to the barley plant. 
“The pan genome effectively paves the way for us to answer fundamental questions about increasing barley yield, quality, disease resistance and beer-
making capacity.   
PROFESSOR CHENGDAO LI
Genetic Improvement Grains
Barley now an open gene book 
that all breeders can read 
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DPIRD research scientist Professor Chengdao Li and Minister for 
Agriculture and Food Alannah MacTiernan celebrate the decoding 
of the entire barley genome.
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Chengdao and the international team used 
a specialised computer model coupled with 
information about the genetic makeup of every single 
piece of a barley plant from its roots to its shoots, 
flowers and grain to predict the function of each  
re-constructed barley gene.  
Five per cent of the genes in the pan genome were 
found to be unique to a specific barley population 
while 30 per cent of genes were found to have huge 
variation in function. A further 15 per cent of genes 
were present as multiple copies in some populations, 
with some populations containing as many as 100 
copies of the same gene. These variations form the 
foundation for yield, quality, disease resistance and 
environmental adaptation.
Curiously, in some populations certain barley gene 
sequences were structured in reverse, which worked 
to potentially alter many gene functions. One of WA’s 
most popular current malting barley varieties, RGT 
Planet, was also found to have the gene sequence 
reversals, which may confer a yield advantage on 
this variety.
After some detective work Chengdao and his 
colleagues traced the gene sequence reversal in RGT 
Planet back through global plant breeding programs 
to discover that it had originated in the 1960s when 
radiation was used to deliberately mutate the genetic 
makeup of a distant RGT Planet relative.
Information about the barley pan genome is now 
being collated into a user-friendly database for plant 
breeders. The goal is to develop a digital gene library 
so that breeders can easily locate genes along the 
barley genome and introduce specific traits into their 
breeding programs.
DPIRD research scientists Dr Yong Han and Sue Broughton, and Western 
Crop Genetics Alliance director Professor Chengdao Li take plant 
material from the DPIRD doubled haploid laboratory for gene-editing.
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A recent breakthrough in gene editing 
technology will pave the way for more 
tailored barley varieties, with improved 
yield, quality and nitrogen use efficiency 
characteristics.
The Western Crop Genetics Alliance, a 
partnership between DPIRD and Murdoch 
University, is behind the innovation. 
Director of the Western Crop Genetics 
Alliance, Professor Chengdao Li, said the 
new technique enables barley genes to be 
accurately turned on and off to create a 
superior trait, something that could not be 
achieved in Australian varieties with existing 
technology. The new technique, called 
doubled haploid CRISPR, provides scientists 
with a tool to precisely modify existing barley 
lines and craft higher-yielding varieties suited 
to localised conditions. 
Combining advanced gene editing tools and new 
knowledge about the genetic makeup of the 
world’s lupin populations could lift lupin yields 
by more than 30 per cent while also introducing 
disease resistance and drought tolerance into 
future varieties.
The lupin genomics work by DPIRD research 
scientists Professor Chengdao Li, Dr Gaofeng 
Zhou and their colleagues shows a significant 
amount of genetic variation remains to be tapped 





Each of the important lupin production traits has 
now been anchored with its genes along the lupin 
genome and Chengdao, Gaofeng and their team 
have developed tools to enable breeders to locate 
and track important genes through their breeding 
programs. The next step in the research is to use 
gene editing technology developed only in the last 
few years to burrow into the wild lupin genomes 
and switch off traits such as alkaloid production 
(which causes seed to be bitter) and pod shattering, 
which makes seed difficult to harvest.
Wild genes offer 
leap in lupin yield
Grains Introduction
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Purpose: help Western Australian grain growers to maximise profitability and minimise risk.
Liaise across the supply chain – grain 
growers, agribusiness, marketers, processors 
– to gather and communicate production, 
market and end-user intelligence.
Use market, environmental and  
technical information to identify, and 
respond appropriately to, risks and 
opportunities for the WA grains industry.
Carry out applied and fundamental 
research to determine crop yield and 
quality drivers under WA conditions, and 
develop tools to exploit this information.
Deliver research findings in a 
suitably packaged form to the 
grains industry, investment 






CROP SCIENCE AND GRAIN PRODUCTION










Dr Bob French 
MANAGER, CROP SCIENCE AND GRAIN PRODUCTION 
Crop Science and Grain Production 
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Improvements in agronomy, or crop management, 
are commonly thought to account for about 70 per 
cent of crop yield increases while improved varieties, 
through plant breeding, are thought to account for the 
remaining 30 per cent.DPIRD research scientist Dr Bob French leads the Crop Science and Grain Production portfolio.
Crop Science and Grain Production 
OVER THE PAST 100 YEARS, broadacre crop 
production in Western Australia has increased from about 
two million tonnes to more than 10 million tonnes each 
year. For much of the state’s farming history this crop 
production has been driven by an expanding cropping 
area, but since about 1980 increasing crop yield has 
been the main driver (Figure 7). This increase in average 
yield is remarkable given that rainfall across the south 
west of Western Australia has dropped by about 20 per 
cent since the mid-1970s. 
A range of factors is responsible for the crop yield 
increase over the past century, including better crop 
varieties, better farm machinery, better rotations, more 
efficient fertiliser use, more effective weed, disease and 
pest control, and a better scientific understanding of how 
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However, this ratio oversimplifies a more 
complicated reality in which crop varieties respond 
to management and environment in different 
ways. It is therefore critical that crop management 
systems are developed in tandem with new crop 
varieties to ensure that each variety can reach its 
potential within the environment it is grown. This is 
the first of the important functions of DPIRD’s Crop 
Science and Grain Production portfolio.
The Crop Science and Grain Production team 
undertakes applied research and development on 
the major grain crops grown in WA. The portfolio is 
organised along commodity lines and consists of 
three streams (see page 119). The first focuses on 
wheat, the second on barley and oats, and the third 
on broadleaf crops, which includes canola, lupins 
and pulses. The research and development team 
draws on a range of plant and environmental science 
FIGURE 7.  Change in average (grey line) and total (yellow line) crop yield vs total area of 
production (blue line) in Western Australia from 1865 to present day 
Note: 2018 was the highest wheat yield on record despite a 20 per cent decline in rainfall since the 1970s.
DPIRD research scientist Dr Rebecca Swift.
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disciplines to optimise the yield and quality of the 
major grain crops grown in southern WA under the 
various economic and environmental constraints 
our farmers face. Findings from the research 
and development activities are then extended to 
growers. A second, and equally important, function 
of the Crop Science and Grain Production team is 
industry liaison with peak industry groups and other 
industry stakeholders to ensure the critical issues 
facing growers are addressed, either by our team or 
by others where different skill sets are required.
Using science to tailor agronomy 
to specific industry needs
A major focus of the Crop Science and Grain 
Production team is investigating how growers can 
adjust their crop management and variety choices 
to optimise grain yield and quality to maximise 
profitability. 
Different grain commodities end up in different 
markets with different quality requirements, and 
because each of the different commodity industries 
is at a different stage of maturity, each stream in 
the Crop Science and Grain Production portfolio 
has a different emphasis. For example, the barley 
stream pays more attention to specific grain quality 
attributes like small grain screenings, grain colour 
and grain brightness than the wheat stream. This is 
because malting, which has quite stringent quality 
criteria, is by far the largest high-value end-use 
for barley whereas there are multiple end-uses for 
wheat, including various types of noodles, breads, 
biscuits and cakes, each having different quality 
requirements. The pulse stream has an emphasis 
on the herbicide tolerance of varieties and fungicide 
regimes for disease management, because weed 
and disease control are major impediments to 
further expansion of these industries.
Defining the types of crop varieties that WA growers 
need, knowing what yield and quality objectives are 
realistic for our grains industries, and recognising 
new opportunities to improve crop management all 
require a fundamental understanding of how crops 
interact with WA soils, climate and management 
at a physiological level. We achieve this in part 
by maintaining linkages with scientists in other 
parts of DPIRD and other research institutions in 
WA, interstate, and internationally, including the 
CSIRO, universities, and other state departments 
of primary industries. We are also currently building 
our fundamental crop science research capacity by 
appointing new staff with these skills, and funding 
some more speculative research internally to allow 
existing staff to develop new skills and ideas.
DPIRD research scientists Dr Dean Diepeveen, 
Georgie Troup and Dr Bob French.
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Recent Crop Science and Grain 
Production achievements 
Across streams
• First comprehensive Crop Sowing 
Guide since 2005 covering all main 
commodities. Released in 2019  
(Bulletin 4910) and updated in 2020 
(Bulletin 4917).
• Frost Identification Guide for 
canola and pulses released in 
2019.
• New Frost Identification Guide 
for cereals released in 2020.
Wheat
• Re-evaluation of nitrogen application 
timing which indicates that conducive 
environmental conditions for uptake 
is more important than development 
stage, and that applying the same 
amount of nitrogen later can raise grain 
protein without compromising yield. 
• Characterisation of the interaction 
between variety maturity type and 
early sowing on grain yield and quality, 
and identification of the need for new 
variety types for early April sowing 
opportunities.
Barley
• Guidelines for nitrogen 
management practices 
to improve grain protein 
concentration.
• Demonstration of the 
importance of timely harvesting 
for grain quality, and how this 
differs between varieties.
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Canola
• Canola Agronomy Research in 
Western Australia (Bulletin 4986) 
which summarises the results of over 
100 canola research trials conducted 
between 2010 and 2017. Released in 
2018.
• Identification and validation of optimal 
sowing windows for canola varieties for 
different WA grainbelt locations using a 
combination of simulation modelling and 
field trials.
Oats
• Plant diseases impacting oaten hay 
production in Australia – a review 
(Bulletin 4916) released in 2020.
• Evaluation of environmental and genetic 
control of phenology in 360 oat varieties 
from around the world as a prelude to 
developing better adapted oat varieties 
for WA.
Pulses
• Research and extension support to the 
lentil industry during its expansion phase 
in the Esperance port zone.
• Demonstration of best-practice disease 
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Industry liaison
To remain abreast of industry issues, DPIRD has 
six dedicated industry leads for each of the state’s 
grains commodities – wheat, barley, canola, oats, 
lupins and pulses. Five of these are in the Crop 
Science and Grain Production portfolio and the 
sixth, Greg Shea who leads lupins, is in the Farming 
Systems Innovation Directorate. The industry leads 
facilitate a two-way information exchange between 
DPIRD and industry bodies such as the Grains 
Industry Association of Western Australia (GIWA), 
specific commodity councils, prominent growers, 
marketers and processors along commodity supply 
chains. These conversations ensure our priority 
setting is consistent with industry needs.
Barley industry lead: Blakely Paynter
New malt varieties are often released faster 
than the phasing out of old malt varieties and 
this turnover can create issues for end-users 
who require sufficient notice of a change in 
order to adapt their brewing processes to the 
peculiarities of the new barley. Bulk handlers 
also require forward notice of new malt 
varieties as each new malt variety must be 
segregated, which adds to the cost of storage 
and handling. 
Blakely uses agronomic information collected 
via DPIRD’s annual trial series to demonstrate 
the production and end-user benefits of 
new malt varieties. He also works with malt 
traders to determine how 
the proposed phasing out 
of a variety will affect their 
customers. The resultant 
discussion leads to a barley 
variety rationalisation plan 
that enables everyone along 
the supply chain to have 
their say about the proposed 
changes and prepare for the 
turnover in varieties.
Wheat industry lead: Dr Dion Nicol
Trade in the wheat industry is complex 
because seasonal conditions drive not only 
production but also quality profiles. As a result, 
there is often limited dialogue throughout the 
supply chain about customer satisfaction 
or preferences. Demand for lower quality 
wheat grades has increased in recent years, 
particularly from developing Southeast Asian 
feed wheat markets. This has narrowed the 
price incentives for higher quality grades, 
however competition can increase quickly 
in the lower quality segments and WA 
wheat needs to ensure it is adaptable in 
changing markets to maximise value where 
advantageous. Through the increasing role of 
the Australian Export Grains Innovation Centre 
(AEGIC), in partnership with DPIRD and the 
GIWA wheat council, Dion hopes to improve 
the strategic goals of DPIRD wheat research 
to ensure that regional strengths in quality and 
logistics are captured through on-farm variety 
choice and management to deliver greater 
value to the industry. 
Barley industry lead and 
DPIRD research scientist 
Blakely Paynter.
Wheat industry lead and DPIRD 
research scientist Dr Dion Nicol.
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Canola industry lead: Jackie Bucat
Jackie liaises with canola breeders, seed companies and GRDC 
National Variety Trial staff to prepare the DPIRD canola variety guide. 
She has an active research role as well as managing DPIRD canola 
agronomy research, which is currently focused on exploring the value 
of early sowing and interacting with growers and grower groups to 
extend research results and discuss future research needs. In 2020 
Jackie instigated and organised the inaugural WA canola research 
forum, which enabled WA researchers to gather and ensure research 
is relevant and valuable to industry. Participants included DPIRD, the 
CSIRO, UWA, AHRI, CCDM as well as industry stakeholders.
Most of WA’s canola industry issues are addressed through the national 
industry organisation, the Australian Oilseed Federation (AOF), where 
Jackie is the DPIRD representative. She also maintains a canola 
watching brief across other industry organisations important for the WA 
canola export industry, for example the National Working Party on Grain 
Protection (NWPGP) and Grain Trade Australia (GTA). Jackie recently 
wrote the documentation used by CBH to gain an exemption from the 
International Sustainability & Carbon Certification (ISCC) for the use of 
omethoate in WA so that occasional omethoate use, where necessary, 
will not impede exports to Europe.
Oat industry lead: Georgie Troup 
The oat industry in Australia has had a major shift in recent years away 
from a domestic feed focus, towards a high-quality export focus for 
both the milling oat and fodder industries. To support this change, and 
the adoption of new varieties, growers require agronomic knowledge. 
Georgie has acquired this knowledge through DPIRD’s agronomy 
research program, where she has been evaluating new varieties, and the 
agronomy required to achieve yield and quality potential.
Georgie works closely with the milling oat and export fodder industry, 
including local and international processors, and plant breeders to ensure 
WA growers are best positioned to meet changing market requirements, 
and to seize new opportunities as they arise through quality reviews and 
variety rationalisation.  In recent years, Georgie has worked closely with 
AEGIC to evaluate beta glucan, and its opportunities, both agronomically 
and genetically, to optimise the nutritional quality of WA milling oats. 
Canola industry lead and DPIRD 
research scientist Jackie Bucat.
Oat industry lead and DPIRD research scientist Georgie Troup (centre) with 
members of the National Oat Breeding Program and recently retired DPIRD 
Deputy Director General Dr Mark Sweetingham (right).
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Pulse industry lead: Mark Seymour
The WA pulse industry includes the production and export of field 
peas, lentils, vetch, faba beans and chickpeas. It is a relatively small, 
diverse and fluid industry. Mark is directly involved in the research 
and development of pulses and provides background information on 
the pulse industry to the DPIRD leadership team and other interested 
parties based on his diverse contacts with growers and grower groups, 
pulse experts in eastern Australia, agribusiness and marketers. 
Pulse industry lead and DPIRD research 
scientist Mark Seymour.
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Lupin industry lead: Greg Shea 
WA produces about 85 per cent of the world’s lupin. Lupins were 
traditionally used for animal feed but in Australia they have been a 
human food ingredient since 1987. Their use in human diets means 
they must adhere to tight food quality specifications. Greg liaises 
between DPIRD specialists and the plant breeding company Australian 
Grain Technologies (AGT) to ensure that new variety releases have 
anti-nutritional factors (such as alkaloids) below the acceptable level. 
The Grains and 
Legumes Nutrition 
Council (GLNC) is the 
independent authority 
on the nutrition and 
health benefits of grains 
and legumes. The 
GLNC has a mandate 
to promote the health 
benefits of lupins 
Australia-wide and 
Greg is responsible, 
in conjunction with 
other DPIRD staff, for 
ensuring scientifically 
justifiable messages 
on the attributes of 
lupins are included 
in communications 
campaigns.
Lupin industry lead and DPIRD 
research scientist Greg Shea.
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Early sowing can 
reap yield rewards 
IT HAS BEEN KNOWN FOR MORE THAN  
30 YEARS that earlier sown crops tend to produce 
higher yields, but farmers in Western Australia have 
traditionally delayed the start of sowing until there is 
sufficient soil moisture to ensure crop germination, 
usually sometime in May. 
Recent technological innovations such as no-till and 
better selective herbicides mean farmers can now 
establish crops on lower rainfall, and many now 
start sowing into dry soil before the first rains of the 
season. Simulation modelling by the CSIRO shows 
that adopting dry sowing can increase average yield 
across a cropping program by making the average 
sowing/emergence date earlier. However, there are 
also risks associated with early sowing such as heat 
stress and water deficit in emerging crops and frost 
at flowering. 
DPIRD research scientist Dr Dion Nicol (left) shows 
visiting scientists a wheat trial at Merredin.
GrainsCrop Science and Grain Production Grains
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Historically, the rule of thumb was that sowing did 
not begin before ANZAC Day (25 April) but with 
climate change bringing more frequent March and 
April rainfall events, and fewer in May, farmers 
now have a strong incentive to exploit sowing 
opportunities whenever they occur. To be successful 
with early sowing, farmers need to know which 
crops are best suited to early sowing, how early they 
can be sown and what conditions will minimise the 
risks associated with sowing early.  
To date, there has been limited research in WA 
on how crops respond when sown in March or 
early April. Crop Production and Grain Science 
Research seeder sowing barley as part of a 
DPIRD agronomy trial.
Such a yield increase translates 
to an extra $100–200 per hectare 
in canola grain sales.
researchers have been addressing these questions 
over the past few years.
The research has shown there can be significant 
production advantages from sowing earlier – 
particularly with canola. For example, work in the 
northern agricultural region by research scientists 
Martin Harries and Mark Seymour found that 
sowing canola in mid, rather than late, April into soil 
moist from summer rain lifted yields by 20 per cent 
because the early-sown crops could fill their grain 
before late-season heat set in. 
Crop Science and Grain Production Grains
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Grainbelt trials
DPIRD research scientists Jackie Bucat, Stacey 
Power and their team have further investigated 
early sowing canola to determine how profitable 
the practice is across WA’s cropping areas. The 
research assessed how early canola can be sown 
and the canola varieties most suited to an early 
seeding system. The research also investigated the 
use of the crop simulation model APSIM-Canola to 
extrapolate the results from a few trial locations to 
many locations in the grainbelt.
The team conducted trials across the grainbelt from 
Mullewa in the north-west through to Esperance 
in the south-east. In 2019, eight canola varieties 
were sown at five starting dates over the 12 weeks 
from 18 March through to 11 June, using irrigation 
systems to simulate an early break to the season 
and ensure germination and good establishment 
(Figure 8). 
FIGURE 8.  Canola at Wongan Hills in 2019 flowered for 75 days when sown on 19 March (top), which 






































Major findings from the research included:
• Sowing in March produced similar yields to 
sowing in April, extending the range of sowing 
opportunities available for growers.
• Risk factors associated with March sowing 
included poor establishment due to high soil 
temperature, crop mortality from drought, frost 
at the end of flowering, increased levels of 
predation and disease, and poorer weed control.
• Sowing in early April was profitable and 
establishment was more reliable across all sites 
due to cooler temperatures.
Ongoing research will quantify the effects of high soil 
temperature on canola establishment.
DPIRD RESEARCH HIGHLIGHTS 2021   133
Sowing canola early effectively extends the 
growing season, which is particularly valuable in 
WA’s northern and eastern cropping zones where 
the season is relatively short and often ends 
suddenly due to heat and lack of soil moisture. 
By getting seed into the ground in early April the 
canola crop can take immediate advantage of the 
first autumn rains or be up and growing by the 
time these rains arrive. 
Early sowing also allows farmers to capture 
seeding opportunities brought about through 
summer rain. Sowing early into soils with stored 
summer rain means crops can germinate and start 
to grow well before the official autumn break — the 
timing of which is becoming more unpredictable with 
climate change. 
The main risk associated with early sowing in 
northern areas is not having adequate follow-up rain. 
Crops can fail if they germinate on minimal moisture 
and do not receive enough subsequent rain to keep 
growing. Weed control can also become difficult due 
to ryegrass germinating well after the crop.
Frost risk is also heightened with early sowing 
because flowering occurs earlier, when frosts are 
more prevalent. Sowing too early, when autumn 
temperatures are still warm, can cause crop 
development to speed up, which results in less 
leaf growth to fill developing grain, and in turn 
lowers grain yields.
GrainsCrop Science and Grain Production Grains
DPIRD research scientists Jackie Bucat and Dr Imma Farre 
are investigating the yield benefits of sowing canola early.
Benefits and risks 
of sowing early
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Wheat has traditionally been sown in mid-May but 
with the trend towards earlier sowing on larger farms 
farmers are now seeking information on the effect of 
sowing early on wheat yields.
Research by DPIRD research scientist Raj Malik and 
his team examined how early sowing affected yield 
and profits in wheat, barley and oat crops.
The researchers compared an April sowing with an 
early and late-May sowing time to determine:
• the best cereal option for April sowing
• the best variety for each cereal type for April 
sowing.
In 2017 they found that, in most instances, barley 
was higher yielding and the more profitable cereal 
option to grow than wheat or oats at all sowing dates 
provided barley met malt specifications (Figure 9). 
For the mid-April sowing, depending on the location, 
barley yielded about 1.0 to 1.7t/ha more than wheat 
and 0.5 to 1.1t/ha more than oats and produced net 
returns of $215 to $250/ha higher than wheat and 
$115 to $375/ha higher than oats.
Barley best for early sowing
FIGURE 9.  Effect of sowing time on yield of barley and wheat. 


















Crop Science and Grain Production 
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How wheat responds to early sowing depends 
on the variety type. DPIRD research scientists 
Brenda Shackley, Dr Dion Nicol and Jeremy 
Curry have shown that varieties with short to mid 
maturity (measured as the time from sowing to 
flowering) can yield much less when sown in early 
April than in May. Scepter, currently the most 
widely grown wheat variety in WA, fits into this 
category. 
Varieties with mid-long maturity, such as 
Rockstar and Catapult, are a better choice 
for early sowing. Winter wheats such as DS 
Bennett and Illabo, which require a spell of 
cold weather before they will flower, have the most 
suitable response pattern for sowing in March, but 
the development pattern of winter wheat varieties still 
needs to be optimised for WA conditions. 
Differences in flowering time explain most of the yield 
differences with early sowing (Figure 10). In later 
flowering crops, grain filling occurs under increasing 
heat and drought stress. Flowering too early can 
mean the crop has produced insufficient biomass to 
support a good yield while also making the crop more 
susceptible to frost damage. The DPIRD research 
team is continuing to investigate how sowing time 
and flowering time affect wheat grain quality.
Maturity rating drives early sowing response
DPIRD research scientist Brenda Shackley delivers results 
of an early sowing trial to field day participants.
FIGURE 10.  Mid-long and winter wheat varieties yield 
better than short to mid varieties when sown in early April 
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IN A 1966 ARTICLE ABOUT a new approach to 
cereal variety testing in the Journal of Agriculture, 
department researcher Harry Fisher wrote that WA 
farmers grew: 
“…well over 100 varieties of cereals. More than 
80 of these are different varieties of wheat. Only a 
few varieties are widely grown so one might ask 
why farmers continue to grow so many of the less 
popular types…”
The implication of this statement was that farmers 
did not have the information they needed to make 
good variety choices. Harry went on to describe 
a series of field trials to compare different wheat, 
barley and oat varieties across the range of 
agricultural environments in WA, and how the results 
would help farmers choose the best varieties for 
their farms. 
Journal of Agriculture, Vol 7 No 4 1966
Since these early crop variety trials more than half 
a century ago, DPIRD has continued to provide 
farmers with objective crop variety advice. The 
recently revamped, annual Western Australian Crop 
Sowing Guide, compiled by Crop Science and 
Grain Production staff and coordinated by research 
scientist Brenda Shackley, forms an important part 
of the portfolio’s activities.
The Crop Sowing Guide covers all common grain 
crops grown in WA and provides an independent 
reference for growers and their advisors and a 
trusted source of technical agronomic insights for 
the WA grains industry. 
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In Harry Fisher’s time, crop variety recommendations 
were published in the Journal of Agriculture and 
took up only a few pages. But as more crops 
than just wheat and barley were grown, growers 
requested more information on which to base their 
decisions. To address this, in the 1980s information 
on crop varieties was made available via Farmnotes, 
which were produced for each crop and spanned 
rainfall and latitude zones (known as region/zone 
cells) across WA. 
By about 1990, DPIRD was producing a separate 
Crop Variety Sowing Guide for wheat, barley, oats, 
lupins, field peas, canola, and other pulses in 
bulletin form. The region/zone cells were replaced 
by the current Agzones in 2002 and the standalone 
Crop Variety Sowing Guide continued until 2005, 
after which variety recommendations returned to 
being provided in separate publications for each 
crop. At about the same time, DPIRD wound 
down its Crop Variety Testing program, which had 
produced the Crop Variety Sowing Guide, and 
responsibility for crop variety testing passed to the 
independent National Variety Trials (NVT) program 
funded by the GRDC. Other state government 
departments of agriculture and primary industries 
relinquished their crop variety testing programs at 
about the same time.
The separate guides for each crop were delivered 
by separate agronomy projects for these crops, 
each with co-investment from the GRDC. This 
meant the wheat variety guide was produced by 
staff of the wheat agronomy project, the barley 
variety guide was produced by the barley agronomy 
project, the canola sowing guide by the break 
crops project, and so on. As a result, the type of 
information provided in each guide varied, and 
there was no consistent style across all crops. For 
some crops, like lupins, where new varieties did not 
appear every year, variety guides became rather 
infrequent. 
DPIRD commissioned an external review of the crop 
guides in April 2019. Interviews and workshops 
were used to determine what growers and industry 
advisors valued about the guides and how they 
thought they could be improved. The main 
recommendation from the review was to combine 
the guides and publish a single WA Crop Sowing 
Guide as hardcopy and digital versions each 
year. The review also recommended a consistent 
structure and arrangement of information across 
all crops and improvements to the presentation 
of some information. Most data presented in the 
updated Crop Sowing Guide is sourced from the 
NVT program, which conducted 672 variety trials in 
WA in 2020. The NVT information is complemented 
with data on varietal disease responses and quality 
characteristics derived from the NVT and other 
sources, which is set in a local cropping system 
context based on expert interpretation by staff 
in the Crop Science and other DPIRD portfolios. 
This contextualisation includes market information, 
highlighting how special characteristics of some 
varieties might be exploited in certain farming 
system situations, and agronomy guides where new 
management methods are being developed, or the 
crop is unfamiliar to many growers.
As well as compiling the guide, Crop Science 
staff also carry out a range of trials each year 
to contribute data not readily available from the 
NVT but necessary to properly contextualise crop 
variety management in WA. An example of this 
is the series of wheat sowing time trials, which 
demonstrates how different classes of wheat 
varieties, characterised by maturity type, respond to 
sowing time in terms of yield, quality, frost and heat 
risk. The data collected allows growers to make 
best use of sowing opportunities when they occur 
and also provides the information necessary to 
update DPIRD’s FlowerPower app, a tool developed 
to help growers make best use of different sowing 
opportunities. A new updated version of this was 
released in February 2021.
The new WA crop sowing guides continue a long 
tradition of DPIRD providing WA growers with 
comprehensive and contextualised crop variety 
advice. The recent changes to the guide are serving 
the industry well, and DPIRD will continue to explore 
ways to provide more crop variety advice online.
“The WA Crop Guides are viewed within DPIRD and the broader grains industry as being a critical resource across the WA grains industry.   
DR BOB FRENCH
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Purpose: manage the chemical, physical and biological components  
of soil to increase broadacre crop productivity.
Diagnose the chemical  
(acidity/water repellence/nutrition), 
physical (compaction/sodicity) and 
biological (nutritional/pests and diseases) 
constraints holding back crop production.
Investigate how and where the 
constraint occurs and research ways  
to overcome the constraint to increase 
the efficiency of water and nutrient use 
to lift crop productivity. 
Develop and extend new practices  
and tools to manage multiple soil 
constraints and lift crop productivity  
to the next level.
DIAGNOSE RESEARCH INTERVENE
SOIL SCIENCE AND CROP NUTRITION
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DPIRD is developing management methods to improve the 
physical, chemical and biological characteristics of soils and 
increase the efficiency of nutrient and water use by crops.
Chris Gazey 
MANAGER, SOIL 
SCIENCE AND CROP 
NUTRITION
Re-engineering a texture contrast soil profile at Meckering to 80cm.
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WESTERN AUSTRALIA’S GRAIN PRODUCTION 
is constrained by soil conditions that prevent crops 
from reaching their full productive capacity. DPIRD’s 
Soil Science and Crop Nutrition team investigates the 
effects of these soil constraints and works with farmers 
to find ways to ameliorate them and lift productivity. 
It is estimated that continued adoption 
of the soil amelioration techniques and 
strategies developed by DPIRD could add 
an extra $1.4 billion in grain revenue to the 
WA economy over the next five years.
This estimate does not take past successes into 
account; it represents new adoption in the next five 
years only. In calculating this benefit, the team has 
accounted for soil type (including area), crop response, 
amelioration method and likely adoption, and the scale 
and extent to which yield responses diminish over time. 
The benefits do not include the multiple secondary 
benefits generated by economic activity that arises from 
this additional revenue coming into the WA economy. 
RIGHT: The purpose-built cone seeder, which precisely places seed and fertilisers 
in ameliorated soil, will provide a considerable boost to the Soil Science and Crop 
Nutrition team’s research capability in 2021.
“Over the past decade, productivity has been increased on more than five million hectares of previously constrained soils across WA’s agricultural region thanks to the implementation of research work by 
DPIRD and our partners.   
DR STEPHEN DAVIES, DPIRD RESEARCH SCIENTIST
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Economic cost of soil constraints   
Constrained soils in WA’s cropping zone currently 
deprive the state of about $4.3 billion each year in 
lost productivity (Table 2). On average, this amounts 
to $330/ha on a statewide basis. 
Ameliorating these soil constraints costs an 
estimated $41/ha/year and returns an annual gross 
benefit of about $124/ha/year. This results in a net 
average benefit of $84/ha/year and a benefit-to-cost 
ratio of three. Across all grain-growing regions in WA, 
this leads to a net benefit in the order of $1 billion 
per year.
Soils for the future 
One of the most important aspects of DPIRD’s soil 
research is the adoption of amelioration strategies by 
farmers. To be fully successful, the research needs 
to be understood, adopted and implemented across 
farms. In February 2020, the Soil Science and Crop 
Nutrition team carried out a telephone survey of 214 
growers distributed across the agricultural zones.
It is estimated that for every dollar a 
grower spends on soil amelioration,  
$3 is returned in increased productivity.
Table 2. Estimated total indicative value of lost production due to soil constraints  
($million/year)*
AgZone Acidity Compaction Sodicity Transient salinity
Mid West 122 87 15 3
Mullewa to Morawa 82 51 27 7
West Midlands 147 72 2 1
Central-Northern grainbelt 381 264 141 29
East Moora to Kojonup 263 113 46 6
Southern grainbelt 258 117 160 33
Stirlings to Ravensthorpe 76 27 38 3
South Coast 218 114 49 3
Salmon Gums Mallee 27 39 97 7
Weighted average 1574 883 577 92
*Data in this table were calculated using DPIRD’s decision-support tool Ranking Options for Soil Amelioration (ROSA).  
Estimates should not be summed together
DPIRD RESEARCH HIGHLIGHTS 2021   143
GrainsGrainsSoil Science and Crop Nutrition 
More than half (52 per cent) of growers had 
undertaken some form of mechanical soil 
amelioration. A further 23 per cent had undertaken 
amelioration by non-mechanical approaches, such 
as spreading lime, gypsum or clay-rich subsoil.
Adoption of mechanical soil amelioration was highest 
in the Geraldton port zone with 68 per cent of 
respondents using mechanical amelioration, followed 
by Esperance (59 per cent), Kwinana (57 per cent) 
and Albany (29 per cent).
Growers who were mechanically ameliorating their 
soil, on average, cropped about 2000 hectares more 
than growers who were not ameliorating their soil or 
using non-mechanical amelioration approaches only. 
Ninety-seven per cent of growers who used 
mechanical amelioration applied lime as part of 
their normal farming strategy and more than half 
(60 per cent) applied extra lime when undertaking 
mechanical amelioration. This demonstrates a good 
understanding of the need to incorporate lime to 
manage subsoil acidity and the need to manage 
multiple constraints at once. 
The DPIRD Soil Science and Crop Nutrition team is 
making inroads into the huge challenge presented 
by constrained soils across WA’s highly profitable 
agricultural lands. Farmers are readily adopting the 
soil amelioration techniques being developed, with 
positive results for individual farms and for the state’s 
grain harvest. The next phase of the research will 
be finding ways to re-engineer difficult soils, making 
them fit-for-purpose to capture, hold and efficiently 
supply water and nutrients to crops. 
DPIRD’s Soil Science and Crop Nutrition team comprises about 35 staff (including these 19) spread 
across seven locations – Geraldton, Northam, Esperance, Merredin, Albany, Katanning and East Perth.
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THE MAIN SOIL CONSTRAINTS across the 
WA agricultural region are acidity, sodicity, water 
repellence, salinity and compaction (Table 3). 
Understanding the extent of these constraints, and 
knowing which constraints occur where, improves 
management. Mapping soil constraints is important 
for defining their economic impact and directing 
research efforts and resources to where they can be 
most effectively used. 
DPIRD research scientist David Hall and others from 
the Soil Science and Crop Nutrition team worked 
with members of DPIRD’s Agriculture Resource 
Management and Assessment team to map soil 
constraints across WA’s south-western agricultural 
region. The team used the DPIRD soils database to 
map key constraints at a shire scale and also where 
multiple constraints co-exist (Figure 11). 
More recently, soil maps approaching paddock 
scale have been developed based on soil profile 
texture classes. Knowing the texture of the soil 
profile can provide insights into the associated 
constraints, given that many soils have multiple 
constraints. For instance, deep sands are more 
likely to be affected by acidity, water repellence and 
compaction. On the other hand, clay soils in low 
rainfall environments are more likely to be affected 
by sodicity, transient salinity and boron toxicity. 
Table 3. Major soil constraints across the WA agricultural region
Soil constraint Definition
Acidity A measure of acidity (pH) in the soil below which normal crop production 
is negatively affected. For WA we aim to have surface soil (0–10cm) 
above pHCa 5.5 and subsurface soil pHCa (below 10cm) above 4.8.
Sodicity Sodic soil causes soil dispersion, which means that water does not 
infiltrate. Sodicity (an excess of sodium in the soil) forces the clay 
particles (platelets) apart. At neutral pH (around 7) the soil particles are 
strongly held, and the soil has a good structure but at high pH (alkaline) 
the bonds between particles fail and the soil particles disperse again.
Water repellence The surface soil resists the entry of water as a result of hydrophobic 
(water repelling) organic compounds coating soil particles. This results 
in poor and uneven water infiltration and uneven and staggered crop 
emergence which ultimately affects the yield.
Compaction Hard or strong layers developed in the soil between 25 and 50cm or 
more below the surface as a result of heavy farm traffic. These layers are 
strong enough to resist root growth, leading to poor water and nutrient 
use efficiency by crops.
Mapping the problem 
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FIGURE 11.  Proportion of soil in the Western Australian grainbelt where subsoil 
acidity occurs alongside other yield-limiting subsoil constraints
Source: van Gool 2016
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WITH VAST AREAS OF sandy surface soils, the 
WA grainbelt stands out as a global hot spot for 
the occurrence of topsoil water repellence. Water 
repellent (hydrophobic) organic residues from plants 
and microbial sources are slow to degrade in WA’s 
relatively dry environment and can readily cover 
the surface of topsoil sand particles. The organic 
residues render soils resistant to water entry and, as 
a result, soils wet up unevenly and crop germination 
is poor, patchy and staggered over time. An 
increasing trend towards dry seeding and and less 
frequent and lower break-of-season rainfall have 
made matters worse. 
With support from the GRDC, DPIRD Soil Science 
and Crop Nutrition researchers have been working 
with research partners from the CSIRO, Murdoch 
University, the University of Western Australia and 
the University of South Australia to develop ways to 
overcome soil water repellence in cropping systems. 
The research has shown there is no one-size-fits-all 
approach to managing the problem. 
Some strategies mitigate the effects of soil water 
repellence. These options, which include specialised 
sowing methods and applying soil wetting agents, 
provide cheap management options. However, 
because they do not actually fix the water 
repellence, they must be implemented every year 
and need to be targeted at responsive soils and 
situations. Paired and near-row sowing typically 
increase early emergence by 50 per cent but have 
smaller and more variable effects on grain yield. 
Tillage offers long-term fix 
for water repellent soils
Soil Science and Crop Nutrition 
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Banded soil wetters are liquid surfactants that, when 
applied to the sown furrow on repellent soils, help 
rain to infiltrate the crop row. The benefits of banded 
wetters are greater in seasons with low and sporadic 
germinating rains in autumn. They are most beneficial 
for dry-sown cereals on the repellent forest gravels 
of the south-west, with an average yield increase of 
0.6t/ha (image top left). On deep sands, the benefits 
of banded wetters are variable for dry-sown crops, 
with average yield benefits of less than 0.15t/ha. 
Cereal grain yields have been shown 
to respond by more than 0.5t/ha to 
strategic deep tillage, with these 
yields usually sustained for five 
years or more.  
On a forest gravel near Kojonup, applying a banded soil wetting agent (plot on right) 
improved barley establishment compared to the untreated control plot (left). In this 
experiment, banded soil wetters increased barley yields by 0.6–0.9t/ha over the 
untreated controls, which yielded 3.7t/ha
Lupin establishment and growth in 2020 with (left) and without (right) 
strategic deep tillage (rotary spading) applied in 2016. Deep tillage increased 
lupin grain yield by 0.45t/ha over the untreated control, which yielded 1.75t/ha
Strategic deep tillage using spading or inversion 
ploughing provides long-term and reliable benefits 
across most repellent soils and locations (Table 4). 
Such tillage effectively ‘fixes’ the water repellence 
problem, rather than just managing it for a season 
with a one-off operation (image top right).
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Repellent soils are usually prone to compaction and subsoil acidification. 
Ameliorating these constraints as well as topsoil water repellence will increase 
and sustain yield benefits. For example, deep ripping following soil inversion 
can increase average grain yields by a further 10 per cent (340 kg/ha), over 
inversion on its own.
Table 4. Summary of options for managing water repellent cropping soils in Western Australia showing estimated typical net financial 
return in responsive situations as defined by soil type, seeding and seasonal factors












Paired-row sowing 51 1 • All repellent soil –
Near-row sowing 51 1 • All repellent soil • Dry seeding
• Dry autumn
Banded soil wetters 92 1 • Forest gravel • Dry seeding
• Dry autumn
Blanket soil wetters 62 1–2 • Forest gravel • Dry seeding
Deep soil mixing 
(e.g. Rotary spader)
107 4–10+ • Deep sand 
• Deep sandy duplex
• Average to good autumn and spring rainfall
Deep soil inversion 
(e.g. Mouldboard or one-way/
Plozza)
138 10+ • Deep sand
• Deep sandy duplex
• Sandy gravel
• Forest gravel
• Average to good autumn rainfall; deeper 
ripping below plough depth
Clay delving and incorporation 125 20+ • Deep sandy duplex • Average to good autumn and spring rainfall
Clay spreading and incorporation 82 20+ • All repellent soil • Higher rainfall areas
*Data in this table were calculated using DPIRD’s decision support tool: Ranking Options for Soil Amelioration (ROSA)
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When water repellence is ameliorated, the important 
crop nutrient potassium becomes more available. Severe 
soil water repellence is more likely when soil clay content 
falls below five per cent but at these low levels, the soil’s 
ability to retain potassium is also low. Rotary spading 
has proven effective in treating water repellent soils as it 
buries the non-wetting soil below the surface enabling 
water to penetrate into the soil where plant roots can 
access it. Research conducted by DPIRD has shown 
that crops grown on soil treated with rotary spading 
typically have higher potassium uptake than crops grown 
on untreated, severely water-repellent soil (Figure 12).
Crop nutrition and 
water repellence
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FIGURE 12.  Ameliorating soil water repellence with a 
rotary spader increased the uptake of potassium by 

























LEFT: Rotary spader ameliorating soil water repellence.
ABOVE: Topsoil incorporated to 30cm.
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Research stimulates 
practice change
SUBSOIL COMPACTION REDUCES the 
productivity and profitability of cropping soils by 
restricting root growth and increasing the risk of 
waterlogging and acidification. Compacted soils can 
also restrict the healthy activity of soil biology. In WA, 
14 million hectares of agricultural land have moderate 
to high risk of soil compaction. Conservative 
estimates suggest that compaction costs the WA 
grains industry $883 million annually. Management 
options include deep cultivation to break up subsoil 
compaction, controlled traffic farming (CTF), repeated 
deep cultivation, and careful management of 
cropping inputs to protect profitability. 
In 2015 DPIRD researchers established seven 
demonstration sites on a range of soil types across 
the WA grainbelt (at Binnu, Moora, Broomehill, 
Ongerup, Esperance and Beacon) to evaluate the 
economic viability of new methods of deep ripping.  
In seasons with a cool finish, deep ripping can 
increase grain yield by 20–30 per cent.
Complementing the research, an extension 
program delivered demonstration trials, field days, 
articles, workshops and conference presentations 
in collaboration with grower groups and industry 
organisations. The aim was that by the end of June 
2019, at least 1500 growers and 250 advisors would 
have the knowledge (technical and tools) to minimise 
the impact of soil compaction on farm profitability. It 
was also intended that a further 200 growers would 
change their practices to minimise the effect of soil 
compaction on farm profitability by the end of  
the project.
DPIRD project officers Bindi Isbister and Wayne Parker 
conducted a benchmarking survey of growers in 2016 
and an evaluation in 2019. 
Adoption of deep ripping increased from 34 per cent 
in 2016 to 49 per cent in 2019 while controlled traffic 
farming increased from 21 per cent to 25 per cent.
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Research plot deep ripper with modifications to 
incorporate fertiliser and soil amendments.
Increased adoption of deep ripping and controlled 
traffic is supported by industry with 89 per cent of 
agronomists recommending CTF to their clients in 
2019 compared to 78 per cent in 2016. Research 
indicates that when CTF is used after deep ripping 
there is an additional yield benefit of 10 per cent 
($60/ha for a 2t/ha yield and $300/t price) and better 
grain quality.
Sixty-seven per cent of agricultural machinery dealers 
and manufacturers surveyed have seen a small 
to moderate increase in demand for deep ripping 
equipment and 78 per cent for CTF machinery 
over the past five years. Of the 23 machinery 
manufacturers and businesses surveyed, 80 per 
cent have introduced new machinery or suppliers 
to give their clients more options for managing soil 
compaction. 
These survey results highlight the success of the joint 
DPIRD and GRDC project to increase the adoption 
of soil compaction management in WA. 
Surveys show that half of growers intend to have a 
form of CTF in the future, where currently only about 
a quarter use CTF. This indicates that awareness of 
the benefits of the practice is growing in the industry. 
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Controlled traffic farming (CTF) is a simple concept 
that is surprisingly difficult to achieve in practice. 
The simple concept is to not drive machinery where 
grain is grown because machinery compacts soil. 
The average Australian no-till system (without CTF) 
drives over 40 to 60 per cent of the paddock in 
one season, but a fully-matched CTF system has 
a trafficking percentage of just nine to 12 per cent. 
The practicality is that CTF requires the wheel tracks 
of every machine that traverses the paddock to line 
up exactly. This is easier said than done, especially 
given that different machines come in different 
widths and they are not always simply twice as 
wide or half as wide as each other. To help farmers 
and consultants make CTF work in practice, 
DPIRD research scientist Bindi Isbister worked with 
industry partners to develop the CTF Calculator, a 
web-based decision-support tool to help make CTF 
machinery investment decisions. 
The CTF Calculator analyses different machinery set 
ups to calculate paddock trafficking percentages 
and also shows the expected dollar gains from 
various CTF systems. For example, a fully matched 
CTF system on a three metre wheel track that 
covers 13 per cent of the paddock area could have 
an estimated benefit of $47/ha in sandy soils  
(assuming a grain price of $220/t and a yield of  
2t/ha) compared to a system with no CTF where 
48.6 per cent of the paddock area is wheeled. 
LEFT: DPIRD research scientist Bindi Isbister 
is encouraging WA growers and consultants 
to use the CTF Calculator to guide machinery 
investments to overcome soil compaction.
Calculator keeps wheels on track
Soil Science and Crop Nutrition 
CTF also offers other benefits including improved 
in-crop access via firm wheel tracks, better 
soil aeration and drainage of heavier textured 
soils (loam or clay) in wet conditions and lower 
greenhouse gas emissions.
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Deep ripping is used to remedy compacted soil. An 
implement is used to ‘rip’ deep into the soil – usually 
more than 30cm – to break up soil compaction and 
enable plant roots to penetrate deep into the soil. 
DPIRD conducted a two-year trial to determine if 
deep ripping also affected the availability of nitrogen 
to crops. In the first year, the deep ripping caused 
an increase in soil mineralisation, which increased 
the supply of soil nitrogen, so adding extra nitrogen 
provided no benefit. However, in the second year, 
the crop responded to added nitrogen (Figure 13). 
Economic analysis showed that applying nitrogen in 
the deep ripped treatments was profitable, but that it 
was not profitable in the untreated, compacted soil.
FIGURE 13.  Deep cultivation in 2018 increased grain 
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Healthy soil and crop growth from deep ripping 
between permanent tramlines.
Deep ripping makes crops hungrier 
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BASIC CHEMISTRY SHOWS that adding lime 
(calcium carbonate) neutralises acidity. But to 
understand the long-term effects of adding lime on 
acidity deep within the soil profile takes much more 
than basic chemistry. DPIRD has conducted several 
long-term (6–23 years) soil acidity management 
experiments in the WA grainbelt using a wide range 
of lime rates (cumulative total 0–8.5t/ha). 
Grower Bob Nixon from Kalannie (left) and Dr Gaus Azam inspecting 
limed topsoil incorporated into the acidic subsurface soil after deep 
ripping with inclusion plates.
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FIGURE 14.  Incorporating surface residual lime into 
the soil profile increases soil pH at depth
When lime is added to soil, some remains 
undissolved in the soil profile. Soil scientists refer 
to this as residual lime. DPIRD research scientist 
Dr Gaus Azam investigated the potential for using 
residual lime for managing subsoil acidity. He found 
that a large proportion of surface-applied lime 
remained undissolved in the top 4cm of the soil 
profile. When this top 4cm of soil was incorporated, 
the pH of the subsurface soil increased (that is, 
acidity decreased), as the residual lime reacted 
(Figure 14).
Adding lime to soil neutralises acidity. But each 
lime source has a different capacity to neutralise 
acidity and different soil types respond differently 
to lime. This means a one-size-fits-all approach 
simply does not work when recommending lime 
application rates to overcome soil acidity.
Enter iLime, a decision-support tool developed 
by DPIRD in consultation with farmers to 
help take the stress out of developing liming 
strategies. iLime calculates the best value-
for-money lime source based on cost, freight, 
quality and reaction for the defined soil type. The 
tool estimates the effect of lime applications on 




The app works entirely off-line and is available for Android and iOS 
operating systems. To date, almost 1000 copies have been downloaded.
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Researchers from DPIRD and the University of 
Western Australia have created a series of  
multi-layered ebooks on soil quality. The ebooks 
include interactive graphics, image galleries and 
video content and are carefully structured to enable 
readers to choose the level of detail they require. 
The Soil Quality ebook series is a valuable resource 
for farmers, agricultural professionals and students. 
Book 4 Soil Acidity explains the causes and 
implications of soil acidity in broadacre agriculture. 
The books are available as a free download from 
Apple Books. 
Soil management 
ebooks   
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AMELIORATING SOIL CONSTRAINTS could 
increase wheat yield by 0.6–1.4t/ha, adding  
$600–800 million to WA grain growers’ income 
annually.
Plant roots do not penetrate soil with significant 
constraints. DPIRD soil scientist Dr Stephen Davies 
has shown that crop roots are often restricted to the 
top 40cm in soils suffering from multiple constraints, 
but in deep sandy soils where those constraints are 
not present, roots can grow down to 200cm. 
The interaction of multiple soil constraints — such 
as acidity, compaction, sodicity, poor soil structure 
and water repellence — reduces plant-available 
water, crop productivity and long-term profitability 
across the majority of WA’s cropping soils. This has 
a combined effect of reducing yields by an estimated 
40–50 per cent compared with what could be 
attained if crops were unconstrained by soil factors.
If water is available during  
grain-fill this would translate to an 
estimated additional wheat yield 
opportunity of 0.6–1.4t/ha.
When multiple soil constraints were ameliorated, 
DPIRD research found crops could access an 
additional 10–40mm water, depending on soil texture 





One-off inversion of repellent sandy 
gravel near Badgingarra.
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Current soil amelioration options (liming, clay 
spreading, delving, deep ripping, deep soil mixing, 
soil inversion) address one or more constraints, 
typically to a depth up to 40cm. Deeper and more 
effective amelioration of soil profiles can result in 
larger and longer-lived productivity benefits.
Sandplain soils comprising deep sands, deep sandy 
earths, sandy gravels and sandy duplex soils make 
up 12 million hectares, or nearly 50 per cent, of the 
agricultural soils of south-west WA. Deep sandplain 
soils typically have low soil water and nutrient storage 
capacity and are susceptible to acidification, subsoil 
compaction, topsoil water repellence and wind 
erosion. 
Sandy duplex soils are even more difficult. These soils 
have a sandy layer on top (A-horizon) and a clay-rich 
layer below (B-horizon). Their A-horizons have similar 
constraints to deep sands, but can also have poorly 
structured B-horizons that may be sodic (dispersive). 
The B-horizons may also be strongly alkaline, have 
multiple chemical toxicities and are often susceptible 
to transient waterlogging. Managing the diverse 
combination of constraints in the A-horizon together 
with a completely different set of constraints in the 
B-horizon and their many interactions is challenging. 
Crop responses to costly soil management options 
on these soils are often inconsistent.
The Soil Science and Crop Nutrition team is 
assessing the implementation and interaction of 
soil amelioration and amendment practices to 
ensure that they provide the greatest benefit for the 
longest possible time. They are tailoring amelioration 
strategies for specific soil types, soil depths, 
constraint types and environmental  interactions.
Unlocking system yield potential
By fundamentally changing the physical and 
chemical properties of the soil, crop yields could be 
dramatically increased. An unconstrained soil has 
increased water holding capacity.
A compacted pale sand over a highly alkaline, 
unstructured heavy clay deeper in the profile.
It is estimated that crops grown in 
remediated soils could deliver up to 
95 per cent of the potential yield for a 
given seasonal rainfall. It may also be 
possible that crop yield potential could 
increase beyond what is currently 
considered typical on these soils. 
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In WA dryland cropping systems, access to water 
is usually the most limiting factor to grain yield. Soil 
amelioration packages can improve the efficiency 
with which grain crops convert water into grain yield. 
Research by the Soil Science and Crop Nutrition team 
has shown that soil amelioration can increase soil 
water use efficiency in cereals by 5–8kg/ha for every 
millimetre of additional water accessed by the crop. 
Grain growers who have, over time, implemented 
a ‘package of soil amelioration’ have seen their 
paddock average water use efficiency in cereal crops 
increase from 13kg/ha/mm up to 18kg/ha/mm. Soil inversion of deep gravelly sand at Mingenew.
The successful soil amelioration package comprises: 
• soil inversion for water repellence, lime and 
nutrient incorporation and weed seed burial 
• further application of lime to correct acidic soil 
• deeper ripping below the plough depth to 
remove deeper hard pans.
Current amelioration practices mainly work within the 
top 40cm of the soil. Accessing deeper subsoil water 
potentially has huge benefits, especially on duplex 
soils. Finding ways to achieve this is a current focus 
of DPIRD researchers. 
Compacted white sand.
Root growth in mouldboard ploughed soil.
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DPIRD soil scientists found that after deep ripping, mixing or inversion, more 
roots grew in the subsoil. The roots tended to follow the breakout pattern of the 
tine used to rip the soil (Figure 15). When soils were inverted rather than being 
deep ripped, roots grew differently. In inverted soils, roots tended to mostly grow 
around patches of organic matter that had been buried by the machinery. 
FIGURE 15.  The dots in the images represent plant roots and show how the compacted layer at 20cm prevents roots from penetrating 
deep into the soil
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Strategic tillage improves root 
access to soil water and nutrients In some cases, removing constraints can allow crop roots to access previously untapped pools of nutrients, such as potassium and nitrogen, 
deeper in the subsoil where clay content has increased, and leached 
nutrients have been captured. This can result in increased crop growth 
and higher nutrient concentrations in plant shoots. With higher productivity, 
however, can come higher crop demand. Nutrition levels that might have 
been adequate for a crop on constrained soil may become marginal for 
a crop with much higher yield potential. On deeper sands, it is becoming 
increasingly important to ensure adequate potassium supply so that the full 
productivity benefits of soil amelioration can be realised.
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Deep ripping has enabled wheat roots to penetrate well 
below 30cm (right) while roots not on the rip line (left) 
are being restricted to a depth of less than 20cm.
DPIRD research scientist Wayne Parker highlighting 
a compacted acidic layer between 20 and 45cm.
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DPIRD SOIL SCIENTIST Dr Gaus Azam 
established a long-term field experiment 
in a cropping paddock near Kalannie, 
WA, to understand the effect of different 
amelioration treatments on soil that was 
continuously cropped. How would the roots 
of wheat and barley respond to the different 
treatments?
Gaus found that when the soil constraints 
were not ameliorated, wheat and barley 
roots grew to a maximum depth of 25cm 
(Figure 16). When the soil compaction was 
ameliorated, wheat roots grew down to  
53cm. However, barley only grew below the 
25cm barrier if lime was incorporated. Gaus 
also found that the root growth patterns 
determined how the crops used water and 
this in turn determined the yield of the crops. Distributing lime at depth to determine how its placement interacts with 
soil amelioration practices such as rotary hoeing to affect crop yields.
Getting roots 
to dig deeper 
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Wheat Barley


























FIGURE 16.  Wheat and barley 
rooting depth and density in 
an acidic deep loamy sand at 
Kalannie, WA, 56 days after 
sowing using no disturbance 
and no lime or removal of 
compaction only (rotary hoed) 
or removal of compaction and 
acidity (rotary hoed + lime 
incorporation)
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Dealing with difficult soils 
SOME SOILS ARE ESPECIALLY DIFFICULT to 
deal with. Among the most difficult are soils that 
are dispersive, and which collapse when wet. Clay 
particles within these soils fail to stick together, 
which causes them to disperse and clog soil pores, 
decreasing water infiltration. Fertilisers and salt 
accumulate in these soils. 
Many soils are naturally dispersive, usually because 
they are sodic. Sodicity (an excess of sodium in the 
soil) forces the clay particles (platelets) apart.  
At neutral pH (around 7) the soil particles are strongly 
held, and the soil has a good structure but at high pH 
(alkaline) the bonds between particles fail and the soil 
particles disperse.
Salinity presents an added difficulty in dispersive soils. 
There is a small amount of salt in rain, so every time 
it rains, a little bit of salt is deposited on the soil. Over 
hundreds of years, this salt accumulates in a process 
called transient salinity. Soils that are more sodic or 
more alkaline (up to a pH of just over 9) accumulate 
more salt. Concentrations of salt in crop root zones 
are particularly high after dry summers and autumns. 
DPIRD researchers have been examining three ways 
to respond to these challenges — maintaining soil 
hydration, using gypsum and using elemental sulfur.
Soil hydration
It is not the salt concentration in the soil that affects 
crop growth, but the salt concentration in the soil 
solution. This is an important distinction. It means 
that if there is more water in the soil, it will decrease 
the salinity of the soil solution. This will benefit crop 
growth even if the salt remains in the soil.
Gypsum
Applying a small amount of gypsum to soil furrows 
decreases soil dispersion in the furrow, enabling 
water to enter deeper into the root zone. 
Sulfur
Adding sulfur to soil furrows acidifies the soil 
which can reduce dispersion and enable water to 
penetrate further into the soil, which benefits crop 
growth later in the growing season.
DPIRD soil scientists Drs David Hall, Ed Barrett-
Lennard and Rushna Munir are determining how 
well these approaches work on dispersive soils. 
They have used mounding and plastic sheeting to 
increase the amount of rain flowing into furrows and 
applied gypsum and sulfur to the furrows. A barley 
crop grown at Merredin in 2019 yielded 50 per cent 
more when the water harvesting system was used, 
and a further 20 per cent when gypsum was added.
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Dr Ed Barrett-Lennard and Dr Rushna Munir with the water harvesting trial at Merredin. 
A barley crop grown at Merredin in 2019 yielded 50 per cent more when the water 
harvesting system was used, and a further 20 per cent more when gypsum was added.
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SOILS SCIENCE AND CROP NUTRITION 
researchers, together with researchers in the 
DPIRD Crop Protection portfolio and the Farming 
Systems Innovation Directorate, are investigating 
ways to minimise erosion, maximise crop 
establishment and maintain higher yields on 
ameliorated soils. Techniques being investigated 
include crop rotation, herbicide use and 
management of biological constraints such as 
weeds and soil borne pests and pathogens. 
Once a grower has decided on a specific 
soil amelioration method, they then need to 
determine the timing of amelioration. Many 
growers ameliorate soils with strategic deep 
tillage in autumn, before the winter cropping 
season begins in April to May. While this is 
convenient and allows crops to be sown at 
the standard time, it can leave soils exposed 
to damaging wind erosion and, if the soil is not 
wet, amelioration success can be compromised. 
While ameliorating soils at other times (winter, 
spring or the end of seeding) can overcome 
these potential problems, it can also reduce crop 
yield potential due to the later sowing, or even 
prevent a crop being grown at all in the year of 
amelioration. 
The new research program is developing a 
better understanding of the benefits and costs of 
ameliorating soils at different times to help growers 
minimise wind erosion and crop establishment 
problems.
Following amelioration, growers need to prepare 
the seedbed and decide which seeding approach 
to use. The firmness and finish of the seedbed and 
the seeding system used (including amelioration and 
seeding at the same time) are all being considered 
by the research team.
DPIRD research scientist Dr George Mwenda and technician Kanch Wickramarachchi 
in a crop rotation–amelioration trial near Meckering. The importance of rotation in 
maintaining soil amelioration benefits is being researched at sites with a history of 
biological constraints, such as weeds and soil borne pests and pathogens. 
Capturing the opportunity 
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Herbicides and amelioration
Following amelioration, changes in organic matter 
and clay levels at the soil surface, along with 
increased soil wettability and movement, can 
increase the activity and risk of crop damage from 
pre-emergent herbicide. In some cases, herbicide 
crop damage can be severe enough to reduce 
crop establishment, ground cover and grain yield 
potential. DPIRD research scientist Tom Edwards 
is leading research to understand how amelioration 
changes the bio-availability of herbicide and how 
crop damage and establishment risks can be 
minimised.
Soil biology
Soil amelioration using strategic deep tillage can 
also affect biological constraints. DPIRD Crop 
Protection researchers are working in collaboration 
with Soil Science and Crop Nutrition researchers 
to understand these interactions. Dr Catherine 
Borger and Dr Sultan Mia are assessing how soil 
amelioration interacts with weed populations and 
their control. Deep soil mixing and soil inversion can 
bury significant proportions of the weed seedbank, 
but can also change herbicide efficacy and influence 
the types of weeds that might survive. For example, 
Sultan has found that paddocks with a ryegrass 
problem before amelioration often have a greater 
issue with brome grass after amelioration.
Tom Edwards (centre) in DPIRD’s screenhouse in Northam with visiting researchers, growers 
and consultants. Tom is explaining how herbicides interact with soil amelioration using 
hundreds of intact soil cores collected from field sites across the grainbelt. 
GrainsSoil Science and Crop Nutrition Grains
DPIRD RESEARCH HIGHLIGHTS 2021   167
Dr Sarah Collins, Dr Daniel Hüberli and Dr Carla 
Wilkinson are examining how strategic deep tillage 
in the form of ripping, mixing or inversion, with 
and without lime application, affects soil borne 
diseases and pests. They are studying the effect of 
one-off deep tillage practices on the numbers and 
distribution of plant parasitic nematodes and the 
root rot disease Rhizoctonia down the soil profile, 
and how this subsequently affects root infection. 
It is already evident that mixing and inversion 
practices reduce inoculum and nematode levels in 
the top 10cm of soil, but they can increase in the 
10–20cm and sometimes 20–30cm layers. Crop 
roots, however, are more established by the time 
they encounter these pests and pathogens deeper 
in the soil and some improvements in crop root 
health have been measured. Ongoing research will 
determine if, over time, the pests and diseases  
re-colonise the topsoil and reduce crop growth. 
MAIN IMAGE: DPIRD research scientist Catherine Borger  
examines a barley grass trial.
INSETS: Soil amelioration can have significant effects on biotic 
constraints including weeds. In an experiment established at Yerecoin, 
grass weeds in the no-till untreated soil (left) have been controlled by 
a one-off soil inversion treatment (right).
Feedbase Productivity Livestock
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Western Australia produces 
and exports a wide range of 
meat – beef, lamb, mutton, 
goat, pork and poultry – as 
well as wool and milk. The 
state is Australia’s largest 
exporter of live sheep and 
also supplies international 
markets with premium chilled 
and frozen meat products.
THE SECTOR HAS A GROSS VALUE of 
production of over $3 billion, of which about 60 per 
cent is exported. The sheep industry — meat, live 
exports and wool — generates about half of this 
value and the beef and dairy industries just over  
$1 billion. Pork, poultry and goat products contribute 
the remaining $500 million (Figure 17). 
WA is known internationally as a reliable supplier of 
high-quality animal products produced in a clean 
environment to high animal welfare standards. With 
a growing global demand for animal protein, the WA 
livestock industry is well placed to sustain its export 
growth. 
The state’s livestock supply chains are major 
employers, with many positions in regional areas. It 
is estimated that more than 7700 people are directly 
employed in livestock production and a further 4300 
people are employed in processing sectors. 
Australian consumption of meat products has 
almost doubled in the past 40 years.  Per capita 
consumption has increased for poultry and pork but 
fallen for beef and sheep. However, global demand 
for red meat has more than compensated for the fall 
in domestic consumption. Chilled and frozen beef, 
lamb and mutton meat is exported from WA to more 
than 50 countries.  
Wool production is one of WA’s largest and oldest 
agricultural sectors and the state produces about 
70 million kilograms of wool each year with 90 per 
cent of this destined for high end apparel. Increased 
global demand in recent times has stimulated record 
wool prices and the industry has a current gross 
value of production of more than $900 million.
Dr Bruce Mullan
DIRECTOR, LIVESTOCK RESEARCH AND 
INDUSTRY INNOVATION 
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FIGURE 17.  Gross value (A$ million) of  
Western Australian livestock production (2018–19)  
WOOL
$ 976m  32%  
PIGS
$ 180m  6%  
MILK
$ 188m  6%  
EGGS
$ 67m  2%  
CATTLE & CALVES
$ 828m  28%  
SHEEP & LAMBS
$ 547m  18%  
POULTRY & OTHERS
$ 224m  8%  
TOTAL LIVESTOCK  
SECTOR
$ 3.01b  
TOTAL LIVESTOCK 
PRODUCTS
$ 1.23b  
TOTAL LIVESTOCK 
MEAT
$ 1.78b  
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To sustain and diversify our export market growth the 
WA livestock industry must maintain a productivity 
growth of at least two per cent per year and continue to 
meet consumer demands in relation to environmental, 
animal welfare and food provenance expectations.
DPIRD research and development has a proven record 
of increasing the efficiency and productivity of the 
sheep industry. 
DPIRD’s livestock team is now focused on the next leap 
in productivity gains required of the sheep and cattle 
industries.
Despite WA sheep numbers having declined significantly 
in recent decades, the gross value of the industry has 
increased over the past 20 years through research-led 
improvements in meat quality, carcase weights, breeding 
rates and wool quantity and quality.
Research is underway to:
•  lift the diversity and productivity of livestock 
feed systems by breeding more nutritious 
and productive annual and perennial pastures 
and implementing irrigated systems to ensure 
year-round feed supplies
• lift livestock productivity through genetic 
selection of animals with higher feed efficiency 
• trial and develop agricultural technologies to 
streamline livestock production processes and 
enable automation of management activities to 
reduce costs of production
• assess and implement ways to reduce livestock 
greenhouse gas emissions and ensure the red 
meat industry reaches its goal of becoming 
carbon neutral by 2030 
• develop traceability systems to support the 
marketing of premium livestock products
• add value along WA livestock supply 
chains by working with industry to increase 
onshore processing and find new markets 
for fresh and processed meat products.
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While the live sheep and cattle trades dominate the bulk of 
the export industry there has been a steady increase in the 
value of exported meat from WA over the past 10 years. 
Processing meat locally means more jobs in regional WA, 
and more money into local economies and communities.
DPIRD is working with the northern cattle industry through 
the Northern Beef Development Program to drive profitability, 
economic growth and resilience, and facilitate industry 
modernisation and diversification. The program is helping 
producers increase productivity across their land, livestock 
and labour resources and has a particular focus on helping 
Indigenous pastoralists to transition to improved business 
models that attract investment and create job opportunities.
174  DPIRD RESEARCH Highlights 2021
Livestock
DPIRD’s livestock research and development activities are 
organised under the following themes: 
Livestock productivity: 
Research and development to lift productivity and 
increase the value of extensive and intensive livestock 
industries in WA.
A key focus of the research is to increase the efficiency 
with which sheep and cattle convert feed into products 
while reducing greenhouse gas emissions.
Livestock systems:  
Developing and assessing digital technologies for 
livestock farming systems that lift productivity and lower 
costs of production. Research is also supporting the red 
meat industry’s goal of reducing its carbon footprint and 




Feedbase productivity:  
Identifying new feedbase options and 
management practices that optimise profits of 
sheep and cattle producers.
An important area of research is the 
development of legume-based forage systems, 
which generate nitrogen for mixed cropping 
systems and offer high value livestock feed.
Value chains: 
Conducting and communicating 
market analysis to drive new product 
development and create new markets.
“Global demand for quality meat products is increasing at unprecedented rates, particularly in the premium-
paying Asian and Middle 
Eastern markets.  
To capture these growing 
market opportunities, the 
Western Australian livestock 
industry must continue to 
innovate by adopting new 
technologies and developing 
sophisticated value chains.   
DR BRUCE MULLAN
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Purpose: research and development to grow the value of extensive  
and intensive livestock industries in Western Australia.
Understand the interactions between  
animals, feedbase and the environment to  
increase animal performance.
Lift livestock productivity through the  
most efficient management of land, labour 
and capital resources.
Develop new market opportunities  
and reduce cost of production to grow the  
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The economic success of Western Australia’s 
livestock industries is underpinned by animal 
performance and product quality. Production 
potential is driven by genetics, nutrition, health, 
climate and environment. 
Beth Paganoni 
TEAM LEADER, LIVESTOCK PRODUCTIVITY
GrainsLivestock Productivity Livestock
DPIRD RESEARCH HIGHLIGHTS 2021   179
DPIRD’S LIVESTOCK TEAM undertakes applied 
research to increase meat and wool productivity and 
the reproductive performance of sheep and cattle 
across WA’s agricultural and pastoral regions. This 
includes the development of grazing management 
systems that maximise profit per hectare.
The team also works with the dairy, pig and poultry 
industries to support industry development in 
collaboration with the Agribusiness and Food 
Directorate.
Genetics underlie the potential performance of 
livestock, and DPIRD’s livestock team has a long 
history of developing improved genetics for high-
value traits such as growth rate and meat quality. 
Through its management of one half of the Australian 
Genetic Resource Flock at its Katanning Research 
Facility, DPIRD plays a central role in ensuring WA’s 
flock of 14 million sheep has continual access to 
new and improved genetics for on-farm breeding 
programs. 
A key focus of DPIRD’s current livestock research is 
increasing the efficiency with which sheep and cattle 
convert feed into products while also reducing the 
carbon footprint and costs of animal production. 
A specialised feed efficiency unit at Katanning is 
being used to select for animals which are genetically 
superior in converting feed into meat and wool.NOTE: These sheep have additional tags for research purposes which 
will be removed before they leave the Katanning Research Facility.
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Less feed, more 
meat and wool 
Research capacity to increase feed 
efficiency and reduce methane production 
across the WA sheep industry has been 
boosted through the development of 
a purpose-built feed efficiency unit at 
DPIRD’s Katanning Research Facility.
i t
DPIRD IS INVESTIGATING the feed efficiency of sheep to increase the 
profitability of the WA sheep industry while reducing methane emissions.
Livestock industries depend on animals converting the feed they eat into 
meat, milk or wool. Production from WA livestock was valued at just over 
$3 billion in 2018–19.
Feed represents the largest cost to a sheep livestock system. 
Supplementary feed and pasture management costs can make up 35 per 
cent of total variable costs, depending on the production system. 
Breeding sheep with higher feed efficiencies means 
producers can generate more meat and wool from less feed.
GrainsLivestock Productivity Livestock
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Sheep that eat less feed to make the same amount 
of meat and wool are more efficient and more 
profitable. Increasing the efficiency of energy use by 
10 per cent in a Merino flock could increase profit by 
20 to 44 per cent.
Studies indicate there is enough genetic variation 
in the WA flock to improve feed efficiency through 
breeding programs.
However, selecting for feed efficiency requires 
measuring the feed intake of individual animals, which 
is difficult to do on-farm with large mobs of sheep. 
The purpose-built feed efficiency unit at DPIRD’s 
Katanning Research Facility will enable scientists 
to measure the individual feed intake of up to 300 
sheep at one time with minimal effect on feeding 
behaviour. Specialised equipment will measure 
methane emissions. 
The first project at the new unit is investigating the 
feed efficiency of DPIRD’s Genetic Resource Flock. 
Research scientists Beth Paganoni and Claire Payne, 
with support from senior technical officer Claire 
Macleay and her team, will manage and collect the 
feed intake, body composition and methane emission 
data from progeny of the Genetic Resource Flock. 
Measurement of feed intake will enable development 
of Australian Sheep Breeding Values (ASBVs) for feed 
efficiency. Sheep breeders can then use the ASBVs 
to breed sheep that are more feed-efficient and 
produce less methane, without needing to measure 
feed intake on-farm.
To help sheep breeders and commercial producers 
select sires for their breeding programs, DPIRD 
evaluates the genetic performance of sheep sires 
for the Yardstick project. Yardstick is run by the 
Federation of Performance Sheep Breeders WA. 
The project benchmarks the progeny of WA rams. 
Lambs born into the Yardstick flock at Katanning are 
evaluated for a range of production traits. 
If the feed efficiency of the national flock  
could be increased by 10 per cent it would 
result in an annual benefit to the industry of 
$220 to $510 million per year.
DPIRD manages one half of the Australian 
Genetic Resource Flock, which has been 
developed to increase the productivity of the 
nation’s sheep flock.*
Feed-efficient animals generate less methane, 
which will help the red meat sector meet its goal of 
becoming carbon neutral by 2030.
*NOTE: These sheep have additional tags for research purposes 
which will be removed before they leave the property.
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DPIRD’s Katanning Research Facility is 
delivering faster genetic gain in the WA sheep 
flock. 
The 2100-hectare research farm has recently 
been updated with specialised feed efficiency 
and methane measuring capabilities. The new 
additions will speed the breeding of sheep with 
improved feed efficiencies, which will reduce 
the industry’s carbon footprint while lifting 
DPIRD’s Katanning Research Facility is helping breed 
more productive sheep with lower carbon footprints.
productivity. The research facility operates under 
the highest animal welfare standards and offers 
world-class research capability to the Australian 
research community.
DPIRD staff at Katanning measure a range of 
sheep production traits to develop breeding 
values that sheep farmers can then use in their 
breeding programs.
Research facility speeding genetic gain 
Yardstick hoggets penned into sire 
groups for inspection by attendees at 
the DPIRD Katanning sheep field day.
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WA sheep improving 
the national flock
DPIRD manages one half of Meat & Livestock 
Australia’s Australian Genetic Resource Flock, 
which is being used to improve the genetics of the 
nation’s sheep flock. The second half of the flock is 
in Armidale, New South Wales.
At each site, 1000 ewes are inseminated with  
semen from about 100 industry sires. The progeny 
are measured for a range of traits at birth, weaning 
and slaughter.
Many of the traits are too difficult to quantify on 
commercial farms. The traits include meat qualities 
such as tenderness, intramuscular fat concentration, 
colour and lean meat yield, and more traditional 
productivity traits such as fecundity and growth rate. 
Meat quality traits are measured in collaboration 
with scientists from Murdoch University.
Trait data, pedigree and DNA information are 
analysed by the national breeding evaluation service, 
Sheep Genetics, to produce Australian Sheep 
Breeding Values (ASBVs) (Figure 18). Breeders then 
use the ASBVs in their sheep breeding programs.
Recently developed DNA technologies enable 
researchers to link the sires in a breeder’s flock to 
the genetic resource flock progeny, increasing the 
accuracy of ASBVs and resulting in faster gains. To 
enable the linkage, a ram must have progeny in both 
the genetic resource flock and the breeder’s flock.
Breeders select for difficult-to-measure traits in their 
own flock by simply taking blood samples from the 
sheep. DNA sequencing is used to estimate ASBVs 
for the traits that the breeder then uses in their 
program. 
FIGURE 18.  Genetic information flows from the Australian Genetic Resource Flock to sheep breeders, 




































DPIRD’s Albany laboratory produces 
the Barbervax vaccine to protect sheep 
against barber’s pole worm in Australia 
and overseas.
DPIRD livestock staff Jill Lyon and Darren Michael, and Brown Besier, 
formerly of DPIRD and now a private consultant of Brown Besier 
Parasitology, producing a batch of sheep worm vaccine Barbervax. 
The vaccine is produced commercially at DPIRD’s Albany laboratory 
and sent to sheep producers in Australia and overseas.
i t
DPIRD’S LABORATORY IN ALBANY, Western Australia, 
manufactures a recently developed vaccine that controls an important 
gastrointestinal parasite of sheep.
Barber’s pole worm costs the Australian sheep industry about  
$50 million each year. 
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Barbervax is made by Wormvax Australia, a subsidiary of the 
Moredun Research Institute in Scotland, for the control of 
barber’s pole worm, a roundworm parasite that can cause 
the disease haemonchosis and death. Young sheep are 
particularly vulnerable before their immunity develops. 
DPIRD and the Moredun Research Institute formed a 
partnership in 2008 to develop Barbervax, the world’s first 
vaccine against gut nematodes.
Barbervax is now being supplied to South Africa, the United 
Kingdom and Brazil. About 1.5 million to 1.8 million doses are 
sold each year and DPIRD receives a share of the royalties.
Barber’s pole worm. Image courtesy: CSIRO
Livestock Productivity 
Livestock Productivity Livestock
DPIRD senior technical officer Jill Lyon 
manages the vaccine laboratory, which has 
produced the vaccine commercially for the 
Australian sheep industry since 2014. The 
laboratory is the only facility producing the 
vaccine commercially in the world. WA is 
well suited to producing the vaccine as it is 
Vaccinating with Barbervax for the 
control of barber’s pole worm
Barber’s pole worm is usually controlled by anti-parasitic 
drugs but strains resistant to these chemicals are common 
and widespread in endemic areas. The vaccine provides a 
control method with no risk of resistance. 
free of many sheep diseases and low  
worm-burden sheep can be sourced to 
make the vaccine. 
Although barber’s pole worm can occur in 
any Australian state, it is most significant in 
New South Wales. Globally it is the most 
important parasite of sheep.
If the weather is 
suitable larvae 
hatch out
Adult worms lay eggs 
which pass onto 
pasture in dung
Infective larvae are eaten by sheep
Larvae migrate 





the gut develop 
into adults in 
about three 
weeks
FIGURE 19.  Life cycle of sheep worms
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Egg counting  
saves costs and lifts 
production 
The Albany laboratory also provides a worm egg 
counting service for the WormBoss program, 
which helps Australian farmers implement worm 
control programs that are targeted to their specific 
region. The egg counting service is endorsed by 
the ParaBoss Worm Egg Count Quality Assurance 
Program, which began in 2019.
Inaccurate worm egg counts can cause producers 
to miss the optimum drench time. Drenching too 
early means drenching costs are not justified; 
too late and there will be loss in productivity and 
impacts on animal welfare. The inaugural round of 
testing for the ParaBoss Worm Egg Count Quality 
Assurance Program found 70 per cent of worm egg 
count providers were within the accepted limits, but 
30 per cent returned results that were too low, too 
high or too variable. 
Cost-effective drenching is achieved with 
accurate worm egg counting
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The Northern Beef Development 
Program is helping the Western 
Australian northern beef industry to 
increase production efficiency and 
become more resilient and prosperous.
More northern 
beef through land, 
labour and livestock 
efficiencies
DPIRD’s Northern Beef Development Program is working closely 
with producers to accelerate the adoption of industry best practice.
Image courtesy: Double R Helicopters
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WESTERN AUSTRALIA’S NORTHERN pastoral 
industry continues to evolve, with significant opportunities 
to increase production efficiency.
To remain globally competitive, northern beef producers 
must manage the costs of production by driving 
efficiencies in livestock quality and performance, labour 
inputs and land management practices. Diversifying 
markets, value-adding and reducing reliance on a single 
live export market remain a priority.
DPIRD’s Northern Beef Development Program is working 
closely with producers to accelerate the adoption of 
industry best practice. This will improve enterprise 
production efficiency and maximise profitability and 
sustainability of the northern beef industry.
The first phase of the Northern Beef Development Program 
identified the constraints and growth opportunities of the 
northern cattle industry through a group of studies that are 
summarised in the Joining the Dots report. The report’s 
recommendations guided the development of the program’s 
second phase.
Each year about 100 enterprises consisting of 
150 pastoral stations in the Kimberley and Pilbara 
regions send between 250 000 and 320 000 cattle 
to the live export market, domestic processing or to 
other properties to prepare them for market.
To remain globally competitive, northern beef producers 
must reduce reliance on a single live export market.
The northern pastoral industry represents 47 per cent of  
the WA beef herd and contributes over $300 million each 
year to the state’s gross value of agricultural product. 
About 15 per cent of the pastoral industry workforce 
identifies as Indigenous, which is significantly higher than 
other states and territories.
Livestock Productivity Livestock
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The program also undertook research to improve 
the feedbase through irrigated fodder production 
and development of a sterile form of the forage 
legume, leucaena. 
[see related stories Irrigation delivers year-
round cattle feed and Seedless forage legume 
to boost northern beef production]
The program’s Business Improvement Grants 
helped pastoral enterprises boost productivity, 
improve business management skills and increase 
profitability. About two-thirds of northern pastoral 
enterprises participated and used the Business 
Improvement Grants to access professional 
business advice and implement business 
improvement strategies.
The Northern Beef Development Program, managed 
by Trevor Price, is now in its second phase.
The program is helping producers drive enterprise 
productivity across land, livestock and labour 
resources through accelerating the adoption 
of proven, regionally relevant research and 
development, and industry innovation. Areas of 
focus to improve pastoral enterprise performance 
are herd productivity, adoption of new technology, 
sustainable rangeland management and irrigated 
fodder research. Indigenous pastoral enterprises are 
being helped to assess and transition to improved 
business models that attract investment and create 
job opportunities.
Producers can improve herd productivity through a 
range of management options to increase kilograms 
of beef produced. Key drivers include increasing the 
reproductive rate, reducing the mortality rate and 
increasing the sale weight per head sold. 
Introducing improved genetics into herds could 
open up alternative markets and reduce the market 
risk exposure of northern beef enterprises. Many 
enterprises focus on producing cattle suitable only 
for a single live export market. However, breeding 
programs could introduce improved genetics 
that maintain adaptation to the environment while 
improving growth, meat yield and meat quality. 
Introducing improved genetics into herds could open up alternative 
markets and reduce the market risk exposure of northern beef enterprises.
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Producers from local pastoral stations meet on host 
stations to discuss ways to lift production efficiencies.
The Northern Beef Development Program is helping 
Indigenous pastoral enterprises to improve their businesses.
This could produce sale cattle that are universally 
marketable, that is, able to meet specifications for 
both domestic and export markets. 
Even though northern pastoral enterprises are 
large operations there is room to improve labour 
efficiency. 
The Northern Beef Development team uses two 
main extension platforms to accelerate adoption. 
The team’s ‘Twilight Forums’ are small gatherings 
of producers from local pastoral stations who come 
together on a host station to hear key extension 
messages in a relaxed, social environment. 
Producer demonstration sites for integrated 
research and development provide a forum for 
peer groups to pursue new skills, knowledge 
and management practices that add value to 
commercial livestock production systems.
Sustainable rangelands management practices 
enable pastoralists to look after their pastoral leases 
by making timely decisions with good information. 
For example, satellite imagery and meteorological 
data including rainfall records can be used to make 
early decisions about the likelihood of seasonal 
conditions. This prompts early intervention to adjust 
stocking rates to maintain animal welfare and 
prevent damage by overgrazing. DPIRD’s Pastoral 
Remote Sensing application provides pastoralists 
with information for decision-making and is 
accessed through the DPIRD website (https://prs.
dpird.wa.gov.au/#/).
By adopting appropriate new 
technologies and innovations, pastoral 
enterprises could increase their 
productivity and reduce operating costs, 
particularly the costs of labour.
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The program’s Pastoral Agriculture project is building 
on previous research into intensive irrigated fodder 
production systems (also called mosaic agriculture) 
in a partnership between DPIRD’s Horticulture and 
Irrigated Agriculture Directorate and the Livestock 
Directorate. Irrigated fodder can contribute to the 
nutrition available to cattle, reducing the pressure on 
native pastures and the time it takes cattle to reach a 
marketable weight. 
DPIRD researchers Geoff Moore and Samuel Crouch 
are leading the first two research trials at DPIRD’s 
Skuthorpe irrigated research site near Broome to 
investigate tropical fodder crops.
[see Irrigated fodder in WA’s North West, 
Horticulture and Irrigated Agriculture section]
Irrigation of suitable pasture species can increase the quantity and 
quality of fodder produced. DPIRD development officer Mariah Maughan 
with pasture trials at Broome.
Cattle with access to better-quality fodder can reach 
a marketable weight in less time.
DPIRD research scientist Dr Daniel Real is evaluating 
alternative leucaena species at Kununurra for the sterile 
leucaena breeding program.
DPIRD research scientist Geoff Moore 
is evaluating the potential of new grass 
species for irrigated forage production.
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Cutting perennial grass fodder trials near Broome.
Seedlings of alternative leucaena species 
growing in the glasshouse as part of the sterile 
leucaena breeding program.
Aggie and Kim Forrester of Winning Station 
in the southern Pilbara introduced new 
technology to their pastoral business that 
allowed them to address weight loss of their 
sale cattle during transport to the saleyards. 
Weight loss during transport is a concern 
because cattle are sold based on their weight 
at the saleyards, which is a key profit driver. 
Cattle lose weight when transported long 
distances from remote stations to saleyards 
because they do not feed while on the truck 
and the unfamiliar situation is stressful.
The Forresters used a Business Improvement 
Grant they received through DPIRD’s Northern 
Beef Development Program to purchase 
hardware to undertake electronic herd 
recording. With the new equipment they could 
weigh individual sale cattle before they left the 




When the Forresters compared the weights of 
their sale cattle before they left the station with 
the weights at the saleyards, they found the cattle 
were losing about 10 per cent of their weight during 
transport. 
To better prepare sale cattle for transport, the 
Forresters changed their management and feeding 
of the cattle. They found that feeding the sale cattle 
with commercially available pellets for between 
seven and 10 days before trucking reduced weight 
loss from 10 per cent to seven per cent. Over a  
$100 000 consignment of cattle, this improved 
weight retention increased income by $3000.
Aggie and Kim Forrester, Winning Station.
Livestock Systems Livestock
194  DPIRD RESEARCH HIGHLIGHTS 2021ighlights 20 1
LIVESTOCK 
SYSTEMS    
i t
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LIVESTOCK 
SYSTEMS    Purpose: modernise livestock farming systems to incorporate digital  
technologies and adapt to a changing climate.
INNOVATE ADAPT COMMUNICATE
CARBON NEUTRAL TECHNOLOGY INFORMATION
Explore opportunities for livestock  
systems to become carbon neutral.
Accelerate use of digital technologies  
for more efficient livestock production.
Provide timely advice and information  
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LIVESTOCK 
SYSTEMS  
CLIMATE CHANGE, DECLINING terms of trade 
and growing consumer demand relating to food 
provenance are major influences along livestock 
supply chains.
A key focus of DPIRD’s livestock 
team is to provide industry with the 
necessary tools and knowledge to 
assist with timely decision-making to 
optimise business opportunities.
Digital technologies to automate animal management 
and collect real-time production data are being rolled 
out and assessed at DPIRD’s Katanning Research 
Facility. The work will streamline livestock production 
systems while reducing costs and lifting productivity. 
The Katanning facility is also being used to analyse 
and showcase management practices that can 
reduce greenhouse gas emissions from livestock 
systems. The work will help meet the red meat 
industry’s goal of becoming carbon neutral by 2030. 
Livestock systems are continually evolving 
in the face of financial, environmental and 
social drivers.
Mandy Curnow 
TEAM LEADER, LIVESTOCK SYSTEMS
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(From left to right): DPIRD research scientist John Paul Collins and 
development officers  Mandy Curnow and Perry Dolling compare satellite 
estimates of pasture growth with what is in the paddock.
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Digital intelligence 
allows for remote 
decision-making
Movement monitors, satellites measuring 
pasture growth rates and sensors on a digital 
network acting as virtual labour could one day 
enable remote monitoring and management 
of large farms.
Research scientist Beth Paganoni fitted lambs 
and ewes with proximity sensors*.
*NOTE: These lambs have additional tags for research purposes 
which will be removed before they leave the property.
Sensors match lambs to dams
LAMBS LOST BETWEEN EARLY PREGNANCY and weaning represent 
lost profit for sheep producers. DPIRD researchers are using sensor 
technology to quickly identify ewes that have failed to produce a live 
lamb in large lambing flocks. Identifying ewes that have lost a lamb since 
the pregnancy was first scanned will enable producers to make timely 
management decisions to lift ewe fertility and lambing rates. 
GrainsLivestock Systems Livestock
DPIRD RESEARCH HIGHLIGHTS 2021   199
According to the 2018 WA Sheep Producer 
Survey the average reproductive rate of the state’s 
flock ranges from 1.15 to 1.35 foetuses per ewe, 
depending on the season. However the number of 
lambs identified at marking is only about 0.9 lambs 
per ewe, which equates to about 175 lambs lost 
between scanning and marking in a 500-ewe flock.
In the past 10 to 15 years, the number of lambs 
weaned per ewe mated in the WA Merino flock has 
risen slowly at only one to two per cent per year. 
DPIRD researcher Beth Paganoni is using devices 
similar to those used in the fitness industry to monitor 
lamb movement and location. The devices — called 
proximity sensors — are fitted to collars on ewes 
and lambs and use Bluetooth technology to record 
the location of lambs in relation to ewes. Lambs that 
generate the most hits in relation to a specific ewe 
are assumed to be her lambs. The method allows for 
identification of ewes of single, twin and triplet lambs 
from birth through to weaning at about 100 days.
After sensors were fitted and the 
flock returned to the paddock, Beth 
found the sensors could identify the 
lamb(s) belonging to specific ewe 
mothers within 20 to 24 hours with 
95.4 per cent accuracy.
Identifying ewes that have lost a lamb since scanning 
enables the cause of the loss to be investigated. 
Producers might decide to cull ewes with no lamb 
or implement practices to increase survival of future 
lambs. Matching lambs to their ewes also helps with 
the collection of breeding value data for reproductive 
traits.
The sensors are also being used to record the 
frequency of ewe and ram interactions to predict 
the birth date of lambs. Such data can be used to 
improve the accuracy of breeding values and the 
ranking of sires for early growth traits. 
Currently available proximity sensors do not transmit 
data and need to be removed from the animals 
before downloading the stored information. Improved 
internet access and battery life would enable sheep 
movements to be transmitted in real time and 
would open up the management applications of the 
technology. 
For example, real time information about sheep 
movements could be compared to a library of 
movement signatures allowing growers to log in to 
a computer or mobile device to identify problems 
such as a sheep displaying the movement signature 
of flystrike, lambing difficulties, lameness or feeding 
issues. 
This area of research is being advanced through the 
development of several Australian-developed devices 
including the Australian Wool Innovation ‘smart tag’.
Disclaimer: Mention of product names should not be taken as endorsement 
or recommendation.
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Eyes in the sky 
provide feed budget 
data
DECISION-SUPPORT TOOLS that provide early 
warning of fodder shortages are helping producers 
make timely feed management decisions.
Pastures from Space is a web-based tool that allows 
producers to use satellite data to monitor weekly 
pasture growth on their properties for livestock feed 
budgeting and land management decisions  
(Figure 20). 
Producers can access the Pastures from Space tool 
through the DPIRD website to view the latest green 
feed on offer (FOO) and pasture growth rate (PGR) 
images for their landholdings. The images, provided 
by Landgate and CSIRO, are updated weekly. 
FOO and PGR are important measures for land 
management decisions and livestock feed budgeting.
To further improve the tool, DPIRD researchers are 
calibrating data from a newer satellite that will allow 
more accurate estimates of pasture biomass down 
to areas of 10m x 10m (0.01 of a hectare). This 
represents a significant improvement on the current 
area of 6.25 hectares. 
DPIRD development officer Perry Dolling is 
working to enhance the Pastures from Space tool. *NOTE: Sheep have additional tags for research purposes 
which will be removed before they leave the property.
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DPIRD development officers Perry Dolling and Mandy Curnow 
are working with Landgate and CSIRO to develop Pastures from 
Space so that it includes charts of pasture production from the 
previous year along with year-to-date pasture production. 
Producers can use Pastures from Space to determine 
supplementary feeding rates, develop feed budgets and set 
stocking rates for livestock — especially early in the growing 
season when relatively small changes in FOO can have a critical 
effect on the feed supply for lambing ewes. 
The FOO and PGR information from Pastures from Space can 
be combined with other DPIRD decision-support tools such 
as the ‘Supplementary feeding calculator for pregnant and 
lactating ewes’ and the ‘Feed cost calculator’.
For northern pastoralists, the Pastoral Remote Sensing tool 
provides pastoral leaseholders with vegetation growth trends. It 
allows pastoralists to view weekly greenness indices (estimated 
normalised difference vegetation index) and total green biomass 
(TGB) for individual stations. This enables pastoral managers 
to remotely access vegetation growth information across vast 
pastoral leases and to monitor the impact of management and 
season on feed availability. Timely management decisions can 
then be made for the productivity and welfare of their stock. The 
tool is accessed through the DPIRD website.
INDIAN
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Feed on offer (FOO)
for week ending 4th August 2020
Covers the period 29 July - 4 August 2020
300–500
DPIRD’s John Paul Collins and Mandy Curnow 
compare paddock FOO levels with the estimate on 
the Pastures from Space tool.
FIGURE 20.  Pastures from Space shows weekly ‘feed on offer’ (FOO) 
ranges for southern WA
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Smart farms established 
using digital networks
AGRICULTURAL TECHNOLOGY, OR ‘AG-TECH’, is 
regarded as the next leap in agricultural evolution, providing 
data-driven solutions and remote monitoring to aid decision-
making and boost productivity.
DPIRD has employed a range of Internet of Things (IoT) 
sensors across the Katanning and Merredin Research 
Facilities. 
The IoT devices include water and fuel tank level monitors, 
temperature, moisture and level sensors for grain silos, soil 
moisture probes, sensors on gates to show open/closed 
status and automated weather stations.
Data from the devices is viewed via a web-based dashboard  
(see image).
IoT devices — physical devices that are connected to the 
internet — can communicate data from on-board sensors 
in real time and may be controlled remotely. From a security 
light switched on from a smartphone app, to a smart trap 
that collects and relays information about trapped moths, to 
a driverless truck, IoT devices are benefiting businesses and 
consumers.
DPIRD is developing internal capability in relation to IoT 
devices and sensors to demonstrate how data can be 
generated and used to benefit the state’s grains and livestock 
industries. 
The new technology systems will help producers manage 
ever-larger enterprises with less labour while satisfying a 
growing consumer-driven need for information about food 
supply chains. It is likely that farm offices will evolve into 
‘command centres’ in the future, where managers can 
monitor assets, inventory, animals and staff via web-based 
dashboards.
DPIRD project manager Darren Gibbon coordinated the 
IoT device program through the department’s broader 
E-connected Grainbelt project. The aim is to transform the 
Merredin and Katanning Research Facilities into whole-of-farm 
digital reference sites or ‘smart farms’. A long-range,  
low-power, wide-area network (LoRaWAN) has been installed 
at each facility to link the IoT devices.
The sites will demonstrate the operational benefits of IoT 
devices on-farm while providing DPIRD staff with tools to 
undertake leading research across a range of disciplines.
The digital reference sites will explore the potential role of on-
farm digital connectivity in asset tracking, facility monitoring, 
perimeter security, environmental monitoring, inventory 
management, animal welfare and staff occupational health 
and safety. 
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DPIRD research scientist John Paul Collins views the readings from 
the automatic weather station at the Katanning Research Facility. 
RIGHT: Various Internet of Things devices on the farm communicate 
data that appears on the web-based dashboard in the office.   
Images courtesy of Pairtree.
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DPIRD researchers are evaluating  
livestock management systems that 
produce fewer greenhouse gas emissions 
to help the red meat sector reach its target 
of becoming carbon neutral by 2030.
Counting carbon to 
reduce emissions
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GREENHOUSE GAS (GHG) emissions from 
agriculture make up about nine per cent of Western 
Australia’s total GHG emissions. The red meat 
sector is responsible for about 80 per cent of these 
agricultural emissions, which result mostly from 
methane production as sheep, cattle and other 
ruminants digest their feed.
DPIRD development officer Mandy Curnow is 
leading a program to reduce emissions from the red 
meat sector and help the industry meet its goal of 
becoming carbon neutral by 2030.
A baseline carbon footprint of the Katanning facility 
has been calculated and it shows that 61 per cent 
of current emissions are due to sheep methane 
production (Figure 21).
The baseline footprint will be used to develop an 
emissions reduction strategy to achieve carbon 
neutrality at the facility by 2030. The strategy will 
include changes to animal husbandry and the 
incorporation of pastures, shrubs and forages 
with proven capacity to reduce GHG emissions. 
Emerging technologies such as methane-mitigating 
feed additives and low-methane genetics will also 
be trialled.
As part of the program, local producers are being 
trained in carbon accounting so they can calculate 
the GHG emissions from their own properties. The 
program will also provide practical demonstrations 
of ways to reduce GHG emissions on-farm.
FIGURE 21.  Baseline greenhouse gas emissions from the Katanning Research Facility. The data will be used to 
develop an emissions reduction strategy to achieve carbon neutrality at the facility by 2030
Flock enteric 
methane  61%
Flock manure  5%
Purchased livestock  7%




Other services  7%
Supplementary feed 
(purchased)  2%
Herbicide and insecticide  3%
The WA Government has a target of net zero GHG 
emissions by 2050. DPIRD is working to reduce 
emissions across all of its operations and aims to 
achieve carbon neutrality at Katanning by 2030.
The Carbon Neutral Livestock 
Systems program has two aims:
1. lower the net GHG emissions from 
DPIRD’s Katanning Research Facility 
2. use emissions reduction techniques 
developed and tested at the facility to 
help WA broadacre livestock farmers 
adopt carbon neutral production 
systems. 
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Purpose: research new feedbase options and management practices that fit into whole 
farm systems, optimising farm profit, environment and social aspirations.
Breed and select new forages to fill feed gaps 
in livestock production systems.
Develop and test management guidelines  
to optimise pasture productivity for grazing 
and conserved feed.  
Engage with growers and industry  













FEEDBASE PRODUCTIVITY IS influenced by 
plant genetics, soil type, climate, livestock enterprise 
and management. Across the south-west of WA, 
pastures cover up to half of farmland in low to 
medium rainfall areas and more than two-thirds in 
high rainfall areas.
DPIRD’s livestock team undertakes 
applied research to increase the 
productivity and quality of the 
feedbase in rain-fed (dryland) and 
irrigated farming systems.
The team domesticates promising forage species 
collected from across the world and undertakes 
breeding programs to deliver new production traits 
into existing forage species. 
A key focus of the research is the development of 
legume forage systems, which take atmospheric 
nitrogen and turn it into a form that plants can 
use. Legume-based forage systems generate 
high animal growth rates while building soil fertility 
and contributing valuable disease and nutritional 
advantages to crops in mixed farming systems.
Livestock feedbase refers to the mix of pastures, 
shrubs, grazing crops and crop residues used to 
produce livestock.
Dr Clinton Revell 
TEAM LEADER, FEEDBASE PRODUCTIVITY
GrainsFeedbase Productivity Livestock
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Irrigation developments in the 
Kimberley and Pilbara mean pastoralists 
can now produce high-quality forage for 
12 months of the year. DPIRD is working 
with industry organisations and station 
managers to integrate irrigated forage 
production into pastoral businesses, 
which traditionally have been based 
solely on grazing of native vegetation.
Perennial Rhodes grass is currently the most widely 
grown species in commercial irrigated operations.  
It can readily produce 35–40 tonnes per hectare.
i t
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MOSAIC AGRICULTURE USES small areas of 
irrigated forage to supplement the feed gap caused 
when native pastures die off during the dry season. 
The irrigated forage is either grazed directly or 
harvested to conserve as hay or silage.
The Mosaic Agriculture team, led by project 
manager Dr Clinton Revell, is working with 
pastoralists in northern WA to develop skills in 
forage species selection and irrigation scheduling. 
Until recently, the pastoral cattle industry was based 
solely on extensive grazing of native and naturalised 
pastures and shrubs. But a better understanding 
of regional groundwater hydrology has recently 
stimulated interest from pastoralists in irrigated 
forage production. 
The area under irrigation across the Pilbara and  
West Kimberley (which is outside the Ord River 
precinct) has increased from about 600ha in 2006 
to more than 4000ha in 2020. The irrigation area 
continues to expand, with several pastoral stations 
planning new developments. 
Existing irrigation developments range from a single 
centre pivot irrigating 40ha to operations that run 
more than 18 centre pivots.
Cattle that graze irrigated forage reach marketable 
weight more quickly than on native pastures. For 
example, steers can reach a weight of 360kg in  
15 months instead of taking 24 months (two seasons) 
on native pastures.
Typical daily growth rates of cattle weighing between 
200kg and 400kg and grazing irrigated Rhodes grass 
for 12 months of the year are 0.6–0.7kg. 
By comparison, cattle grazing on native pasture can 
gain 0.4kg liveweight per head per day but only for 
about three to five months during the wet season when 
the pasture is fresh. Seasonal fluctuations in plant 
growth and feed quality mean cattle on native pastures 
lose weight when the forage dries off from April.
Irrigated forage makes the supply of cattle more 
consistent across the year. It also means calves 
can be weaned earlier to allow cows to breed again 
sooner. 
However, irrigation systems require considerable 
investment and development is constrained by finite 
water resources. 
Sowing trials to evaluate different pasture varieties for production 
and feed quality at Woodie Woodie east of Marble Bar.
Irrigated forage systems could lift annual growth rates 
of northern pastoral cattle in WA by as much as 50 per 
cent according to DPIRD’s Mosaic Agriculture project.
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DPIRD has produced a guide for pastoralists called 
Mosaic Agriculture – A guide to irrigated crop and 
forage production in northern WA that describes the 
feasibility of investing in irrigation, system design and 
management requirements to optimise performance.
As part of the Mosaic Agriculture project Clinton 
and University of Western Australia Masters student 
Renata Tognelli analysed the economics of a single 
centre pivot irrigation development. They found 
that a fully integrated, small-scale (40 ha) irrigation 
system producing high-quality feed could be 
profitable, depending on feed quality, the liveweight 
sale price of cattle and pasture production 
(particularly hay yield).
The analysis indicated that development costs 
can be as high as $25 000 per hectare depending 
on location and system design, and that it can 
take between seven and 13 years to recoup the 
investment in a single 40 ha pivot irrigation system. 
The payback period could be shortened if the 
irrigation enterprise were viewed as part of a risk-
management strategy against drought. 
Selecting the best forage species
Perennial Rhodes grass is currently the most widely 
grown species in commercial irrigated operations, 
due to its productivity, resilience and environmental 
adaptation. It can readily produce 35–40 t/ha of 
biomass per year (dry weight). However, when 
grown for hay Rhodes grass can be less nutritious 
than the best of the fresh native grasses.
To generate more choice of irrigated forage species, 
Clinton and DPIRD research scientist Geoff Moore, 
with the support of development officers Chris 
Ham and Sam Crouch, assessed a range of forage 
species under commercial pivots. The Water 
Corporation (Broome North) provided one of the 
irrigated research sites.
The trials quantified the seasonal growth rates of 
the forage species for feed budgeting purposes and 
provided a better understanding of the trade-off 
between yield and feed quality.Dr Clinton Revell (right) discusses millet and sorghum 
trials at Fitzroy Crossing with visiting CSIRO research 
agronomist Tony Webster.
Warm season perennial and annual 
grasses proved to be the best 
adapted to the hot temperatures 
of the wet season, when daytime 
temperatures are often over 40°C.
Panic grass was found to be a productive and 
palatable alternative to Rhodes grass. It was 
consistently more nutritious than Rhodes grass and 
achieved similar annual hay yields although it had a 
higher soil fertility requirement. 
DPIRD RESEARCH HIGHLIGHTS 2021   213
GrainsLivestock
Maize and the annual hybrid sorghums were suited to irrigated silage production 
and produced 15–25t/ha of biomass depending on soil type and conditions.
In further field trials across the West Kimberley and Pilbara, Geoff assessed more 
than 30 non-indigenous forage grass and legume species for their environmental 
weed risk. The potential distribution of each species was mapped in collaboration 
with Dr Rachel Whitsed from Charles Sturt University in New South Wales.
Most of the forages did not persist in the medium term without irrigation and 
therefore present a low weed risk. Rhodes grass, panic grass, pearl millet, lablab, 
cowpea and a range of stylos were assessed as low to moderate weed risk.
Data from the field trials – collected in partnership with Christine Munday from the 
Department of Biodiversity, Conservation and Attractions – is contributing to a 
revised weed-risk assessment system for the WA Rangelands.
DPIRD research scientist Geoff Moore assessed the 
seasonal growth rates of a range of forage species 
under irrigation. Information collected was used to 
generate a better understanding of the trade-off 
between yield and feed quality.
Feedbase Productivity 
Feedbase Productivity 
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Seedless forage 
legume to boost 
northern beef 
production
The cattle forage leucaena holds 
great potential for the northern 
WA pastoral industry provided its 
tendency towards weediness can 
be overcome. DPIRD researchers 
are exploiting genetic differences 
between leucaena species and using 
gene editing to generate infertile, 
non-weedy varieties of the legume.
DPIRD research scientist Dr Clinton Revell beside a 
stand of leucaena, a forage legume with great promise 
for the northern cattle industry.
ABOVE: DPIRD-bred sterile leucaena seedlings ready 
for planting out at Carnarvon, Kununurra and Broome.
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Seedless forage 
legume to boost 
northern beef 
production
LEUCAENA IS A PRODUCTIVE animal forage 
adapted to tropical and subtropical areas. 
However, leucaena has a dark side. The commercial 
species is a prolific seed producer and if left 
uncontrolled, it can escape into the environment. In 
Queensland the livestock industry has responded 
by applying a code of conduct to control escaped 
seedlings and restrict where the legume can be 
sown. 
Currently, seed-producing forms of leucaena are not 
approved for use on pastoral leases in WA due to 
their weed risk.
As leucaena cannot propagate naturally from 
vegetative or root material, the key to eliminating its 
weed risk lies in the development of sterile varieties 
incapable of viable seed production.
DPIRD researchers are using genetic technology 
to develop sterile versions of the forage legume. 
The specially bred seedlings are being grown-out 
at three secure sites in the north of WA and their 
growth and development monitored over time. 
Exploiting differences
DPIRD research scientist Dr Daniel Real and his 
team are using conventional plant breeding and 
biotechnology tools to generate sterile lines of 
leucaena. 
The breeding strategy is exploiting a difference in 
chromosome numbers between leucaena species 
to create sterile crosses.
The team has made thousands of crosses between 
the leucaena species.
The first of the potentially sterile leucaena seedlings 
were planted at Carnarvon, Kununurra and Broome 
in 2020 by the team. More than 300 sterile plants 
were planted across the three trial sites and growth 
and development will be observed over the next  
few years.
Editing genes
Daniel and his team are also using a second 
method to breed sterile leucaena. The research 
team will use the genetic inventories of other legume 
species to predict and identify the locations of 
flower-related leucaena genes. They plan to edit the 
flowering genes of the commercial leucaena species 
to remove its ability to flower or develop fertility, 
thereby preventing seed formation. The resultant 
plant will be a non-flowering variety.
When fed as a leucaena–grass mix 
the legume can double the annual 
weight gain of cattle compared to 
feeding grass alone.
Broome nursery of leucaena.
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New forage options  
for mixed-farming systems
Lanza® tedera was released commercially in 2018 and was grown across  
500 hectares of grazing land in 2020. Pictured (left to right) Dr David Beatty (Meat 
and Livestock Australia), Agriculture and Food Minister Alannah MacTiernan, DPIRD 
research scientist Dr Daniel Real and Dandaragan farmers David and Richard Brown.
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DPIRD research is matching the nutritional 
demands of livestock with pasture systems 
based on new and established forage species.
Tedera fills feed 
gap in drier, warmer 
months
A DPIRD-bred forage species, tedera, is being used 
to fill the feed gap that occurs in southern Western 
Australia from October to June when annual 
pastures have finished, and perennials become 
dormant or die. 
DPIRD bred the first cultivar of tedera, Lanza®, 
through the Future Farm Industries Cooperative 
Research Centre and it was released commercially 
in October 2018. All available seed was sold, 
resulting in about 400 ha being planted in 2019 and 
500 ha in 2020 in WA and eastern Australia.
Tedera is a perennial forage legume with similar 
nutritional value to lucerne but with a higher feeding 
value as it retains green leaf for longer during 
drought. DPIRD research scientist Dr Daniel Real  
and collaborators are developing management 
guidelines for the newly domesticated species. 
The research indicates that high-quality forage can 
provide a financial benefit of up to 20 per cent of the 
value of the sheep by bringing the tail of the mob up 
to the same condition as the best quality sheep.
Several years of DPIRD grazing trials 
on properties at Dandaragan and 
Kojonup show that wethers grazed 
on tedera can gain more than 200 
grams per head per day without 
supplementary feeding. 
New pasture lifts autumn 
stocking rate 
Dandaragan farmers David and Richard Brown 
are impressed with the carrying capacity of their 
40-hectare paddock of the DPIRD-bred pasture 
legume tedera. 
Their property was the site of DPIRD trials of the new 
pasture legume.
Starting with a mob of 225 sheep, the Brown 
brothers increased the stocking rate to 605 sheep 
over the six-week autumn grazing period.
The tedera provided enough forage and recovered 
well after grazing despite having been harvested for 
seed production just 12 weeks before the sheep 
entered the paddock.
A DPIRD-bred perennial forage, Lanza® tedera, is filling the 
feed gap that occurs over summer and autumn in southern 
WA and providing valuable green feed for sheep production.
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New forage cereals 
for challenging soils
In low rainfall environments many common pasture 
species struggle to grow on sandy, acidic soils which 
leads to a shortage of early winter feed for livestock. 
Cereal rye and triticale are better adapted to the 
hostile conditions and lines bred specifically for 
forage might generate more feed in early winter. 
Cereal grasses can be relatively low cost to 
establish and provide faster early upright growth that 
is easier for sheep to graze than the more prostrate 
clover pasture. Mixed farms in the grainbelt could 
potentially use the cereal crops to fill an early winter 
feed gap. 
A partnership between DPIRD and the University of 
Florida is breeding cereal rye and triticale for forage 
production in WA.
Dr Daniel Real (DPIRD) evaluated the first breeding 
lines of cereal rye and triticale from the partnership 
at the Wongan Hills Research Station in 2020. The 
new lines were compared with commercial varieties 
of cereal rye, triticale, barley, oats and wheat. 
When the 21 cereal lines were ranked for forage 
production, five of the top six cereal lines were 
cereal rye or triticale from the breeding program. 
The new lines of cereal rye and triticale were equally 
or more nutritious than the commercial cereals at 
the six-week growth stage. The preliminary results 
indicate that cereal rye and triticale specially bred 
for forage production compare well with commercial 
cereals for early winter grazing.
The lines will now be evaluated for grain production, 
grain quality and stubble quality.
DPIRD’s Dr Daniel Real (left) and Dr Clinton Revell examining 
forage cereals at Wongan Hills Research Station.
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Annual legumes to reduce cropping risk
Over the past three decades, many farmers in the 
low and medium rainfall zones of southern and 
western WA have shifted from integrated crop–
livestock production to a system based solely on 
continuous cropping.
Sowing improved legume pastures and retaining 
livestock on farms in low and medium rainfall zones 
could boost long-term profits while offsetting some 
of the risks associated with continuous cropping.
The Dryland Legume Pasture Systems is a 
collaborative project between DPIRD, Murdoch 
University and the CSIRO and has been established 
to address continuous cropping constraints and lift 
livestock productivity. DPIRD research scientist Dr 
Angelo Loi and colleagues from across Australia are 
developing legume pasture, forage and hay options 
that will benefit both crop and livestock production 
on a range of soil types. 
Legume pastures can deliver nitrogen benefits 
to following cereal crops worth $40 to $60 per 
hectare in foregone fertiliser costs. Grazed pastures 
also offer weed control benefits leading to a lower 
requirement for herbicides in the cropping system. 
A pasture phase provides a break that can reduce 
diseases and pests in subsequent crops.
The project is developing legume pastures well 
adapted to the soils in dry regions. The legume 
pastures will integrate well with mixed cropping 
systems, fixing nitrogen to benefit crops while 
producing quality forage to fill feed gaps for livestock. 
DPIRD research scientist Dr Angelo Loi is working with 
colleagues from across Australia to develop legume 
pastures, forages and hay options that will benefit crop and 
livestock production on a range of soil types. 
Continuous cropping can be highly 
profitable but the system can also suffer 
serious constraints such as herbicide 
resistant weeds and financial shocks due 
to frost, dry conditions or low grain prices. 
The project will use whole-farm economic 
modelling of enterprises, prices, soil type and 
labour requirements to quantify the effect of 
legume pastures on farm profit over a range of 
seasons.
The Dryland Legume Pasture Systems team 
recently evaluated the new Murdoch-bred 
serradella variety, Fran2OTM, and found it has a 
good fit in mixed crop–livestock systems in low 
rainfall areas of WA where pasture options have 
been limited to date. Fran2OTM is early flowering, 
which means it can set seed before the soil 
profile dries out at the end of the growing 
season. The new serradella also generates a 
persistent seed bank enabling it to lie dormant 
under a cropping phase and then regenerate 
to create a pasture phase once the crop has 
been harvested. Fran2OTM produces good winter 
feed for stock and is suited to at least a million 
hectares of sandy soils across the low and 
medium rainfall areas of the WA grainbelt.
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About 203 000 hectares of marginal, non-arable and 
salt-affected soils in the south-west have potential to 
be more productive.
Saline land returned 
to production
DPIRD is helping farmers regenerate non-arable salt-
affected land and return suitable areas to production. 
The three-year project is a joint initiative with the 
Gillamii Centre based in Cranbrook. The project 
was developed in response to renewed demand 
from growers for ways to improve the productivity of 
marginal, non-arable and salt-affected soils across 
south-west WA.
DPIRD staff led by senior development officer Justin 
Hardy are working closely with local grower groups 
and individual farmers to share knowledge, skills and 
experience between farmers and scientists. 
The project is also translating soil, hydrology and 
fodder research into practical decision-support tools 
and resources. Fodder systems being investigated 
include salt-tolerant and salt-sensitive forage shrubs, 
grasses and legumes for all rainfall zones. 
Feedbase Productivity 
Aerial photos of Tony and Peta White’s Miling property showing the  
salt-affected valley floor before (October 2006, above) and after 
planting with salt-tolerant plants (August 20, below). 
Note: Images have been taken from different angles.
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Case studies showcase 
rehabilitation success 
A collaboration between DPIRD, Gillamii Grower 
Group and farmers has resulted in a series of case 
study videos to help farmers regenerate their salt 
lands into productive pastures.
The case studies are part of a broader three-year 
project to share the latest salinity management 
research, tools and resources with grainbelt 
farmers.
Miling farmers Tony and Peta White own one of 
eight farms showcased in the case studies.
Over the past 20 years the Whites have used  
salt-tolerant plants to transform large areas of 
bare, saline land into productive pastures that 
have increased the overall profitability of their farm. 
In 2001 they had a bare salt scald that spread 
across about 50 hectares of a broad valley floor. 
Clearing the valley for cropping decades earlier 
allowed the water table to rise, bringing salt to the 
surface. Water from the creek was adding to the 
problem.
Over two decades Tony worked on four zones  
of salinity severity across the valley floor. On low-
salinity soil furthest from the creek he planted 
productive but salt-sensitive pastures. As the soil 
salinity increased towards the creek, a zone of oil 
mallee trees was followed by a zone of saltbush. In 
the valley floor where the salinity was highest, the 
exclusion of stock allowed the native salt-tolerant 
succulent samphire to return.
The plants reduced evaporation from the soil and 
tapped into the underground water from the creek, 
lowering the water table and stopping the spreading 
salt scald. As the soil salinity fell, more productive 
salt-sensitive plants grew. The plants protect the 
soil and produce sheep feed that can be grazed for 
part of the year.
DPIRD development officers Justin Hardy 
(left) and Ron Master with established 
plants of river saltbush near Jerramungup.
DPIRD and grower group staff with a well-established 
river saltbush plant near Jerramungup.
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Banking on stored 
pasture seed
DPIRD is regenerating stocks of aging pasture seed to ensure 
that more than 1000 Mediterranean pasture lines adapted 
to acidic soils remain available to WA livestock systems and 
plant breeding programs well into the future.
The Svalbard Global Seed Vault on the 
Norwegian island of Spitsbergen is carved 
into solid rock. Seeds are stored more than 
100m inside the mountain at a constant 
storage temperature of -18°C. 
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DPIRD IS CONTRIBUTING TO an international 
seed conservation effort to guarantee against the 
loss of pastures and forages in the face of a large-
scale regional or global crisis.
The Australian Pastures Genebank Germplasm 
Regeneration program is a national project to 
conserve and regenerate pasture seed for the 
benefit of Australian agriculture. 
The Australian Pastures Genebank (APG) donates 
duplicate samples of the seed stored in its 
genebank to the Svalbard Global Seed Vault on the 
Norwegian island of Spitsbergen. 
Senior research scientist Dr Clinton Revell and 
senior technical officer Darryl McClements oversee 
the Western Australian component of the program, 
which by the end of 2020 had successfully 
replenished fresh seed stocks of just over 1000 
annual pasture legume lines. The pasture lines were 
at high risk of being lost, due to either low quantity 
or sub-optimal quality of stored seed. 
Long-term seed storage of pastures ensures the 
continuation of productive lines and provides a 
source of genetic material from which to breed 
better-adapted varieties.
The APG is managed by the South Australian 
Research and Development Institute and began 
operations over five years ago. It brings together 
existing native and exotic forage seed collections 
from around Australia. Many of the collections were 
poorly conserved, so stored samples had to be 
regenerated and replaced with fresh seed.
With funding from the APG, DPIRD focuses mainly 
on important Mediterranean pasture species 
adapted to acidic soils (such as subterranean 
clover) and aims for 15 000 seeds for each line. 
The vault is a secure seedbank 
designed to preserve plant seeds, 
including those of major food crops, 
for potentially hundreds of years.
Darryl McClements (DPIRD) in a field plot of 
subterranean clover grown for seed production 
at the department’s South Perth facility.
Value Chains Livestock
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Purpose: industry analysis of product quality and supply to meet  
consumer expectations.
ANALYSE CONNECT PROTECT
SUPPLY CHAIN PROVENANCE ANIMAL WELFARE
Undertake industry analysis to  
inform policy, and research and  
development priorities.
Increase the value of livestock products 
through highly transparent and traceable 
production systems.
Help industry meet consumer  
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FLOW OF INFORMATION along the value chain is critical to the industry’s success.
DPIRD’s livestock team works to connect participants across the entire industry 
value chain by analysing and communicating production and market information and 
identifying gaps requiring investment. 
The team has a particular focus on the sheepmeat value chain in south-west WA and 
the pastoral beef sector across the Kimberley and Pilbara.
Livestock value chains encompass a broad 
range of players, from plant and animal breeders 
through to producers, processors, marketers, 
retailers and consumers.
Kate Pritchett 
TEAM LEADER, VALUE CHAINS
GrainsLivestock
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Livestock industry analysis and 
modelling is providing DPIRD and the 
WA livestock industry with a clearer 
picture of livestock supply chains and 
enabling more informed decision-making 
and policy development.
i t
A RECENTLY LAUNCHED DPIRD webpage is delivering up-to-date 
analysis and demographic information about the WA sheep industry to 
producers, processors, exporters and the general public.
The interactive webpage: www.agric.wa.gov.au/sheep/western-
australian-sheep-and-wool-industries is maintained by DPIRD’s 
Livestock Industry Analysis and Modelling group. 
GrainsValue Chains Livestock
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DPIRD research officer Kate Pritchett analyses 
industry data to provide information on the 
production and trade of sheepmeat, wool and 
beef in WA (Figure 22). Kate delivers her findings 
through the webpage, the Sheep Notes and Beef 
Commentary reports, and directly to industry.
For example, meat processors use the information 
to monitor interstate sheep movements and assess 
likely effects on the local supply of animals.
Kate sources data from agencies such as Meat 
& Livestock Australia and the Australian Bureau 
of Statistics (ABS) as well as from producers, 
saleyards, processors and exporters. She also 
manages the ABS trade databases including the 
ABS export and import data.
The Livestock Industry Analysis and Modelling group 
also performs flock, herd and production modelling 
to make projections and forecasts about the effect 
of supply chain interventions and the influence of 
specific scenarios on WA’s livestock sectors. 
For example, for the 2019 report Implications of 
management decisions on the WA sheep flock 
in response to changing markets, Kate modelled 
the integrated effect of management decisions 
by individual producers on the size, structure and 
productivity of the entire WA sheep flock. 
Of the four scenarios investigated over a 10-year 
period, the largest reductions in flock size and 
productivity occurred when there was an increase 
in the proportion of wethers in the state flock from 
seven per cent to 15 per cent at the expense of the 
breeding ewe flock. 
The modelling showed that although WA sheep 
producers act independently of each other, their 
collective decisions can result in large changes 
to the state’s flock. It is the net result of these 
decisions that determines sheepmeat and wool 
The industry data and analyses can 
be used to make evidence-based 
decisions and develop policies.
production, with flow-on effects to other sheep 
producers, rural communities and support 
industries.
The analysis showed that a decline in flock size 
or change in structure must be identified early as 
livestock breeding has a long turnaround time.
The modelling work helps DPIRD, industry players 
and producers make more informed decisions 
about livestock policy development and on-farm 
management.
FIGURE 22. Visual representation of the changing composition of the WA sheep flock since 1990 
Note: Over the years, ewe and lamb percentages have increased, with a corresponding decrease in the relative size of the wether flock. Rams have 
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The combined direct and indirect contribution of 
horticulture and irrigated agriculture to the Western 
Australian economy is about $2.5 billion annually. 
Horticulture directly employs almost 7000 workers at 
the farm level, which represents almost 20 per cent of 
all employment in agriculture, forestry and fisheries. 
HORTICULTURAL PRODUCTION OF FRUIT, 
vegetables, wine grapes, nursery plants, cut flowers 
and turf in WA is valued at over $1.1 billion annually. 
Irrigated agriculture in the state’s north produces about 
$130 million worth of food, fibre and fodder each year. 
Horticulture has the highest flow-on benefits among 
agriculture industries; in general, the value of 
horticulture increases three times from the farm until it 
reaches the end consumer. The wine industry has the 
highest flow-on benefits, where wine grapes worth  
$72 million at the farm gate are valued at $700 million 
as wine at the final selling point in WA. 
Exports in demand
Quality horticultural produce is in high demand in 
overseas markets. Between 2013 and 2019, exports 
of WA fruit increased nearly 400 per cent, from  
A$12.4 million to A$59.9 million, mainly from 
strawberries, avocados, table grapes, oranges 
and melons. In the same period, vegetable exports 
increased 14 per cent from A$103.6 million to  
A$117.9 million, mainly from carrots, truffles, potatoes, 
onions and celery. 
WA’s horticulture and irrigated agriculture industries 
have strong opportunities to grow exports into Asian 
markets if we can meet the expectations of the 
consumers in these markets. Crops with emerging 
export potential include melons, cauliflower, broccoli, 
pumpkins, apples, stone fruit and mangoes.
Growing quality produce in an environmentally 
responsible manner in a clean environment means WA 
producers can compete in highly competitive export 
markets.
rti lt r   
Irri t  ri lt r  
Rohan Prince
DIRECTOR, HORTICULTURE AND  
IRRIGATED AGRICULTURE 
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Irrigation  
intensifies value  
An estimated 90 000 hectares of land in WA is 
irrigated with almost 600 gigalitres of licensed 
water. The gross value of irrigated agriculture 
ranges from several thousand dollars per hectare 
for fodder or fibre crops to more than $200 000 
for intensive fruit and vegetable crops. Intensive 
glasshouse systems can produce as much as 
40 tonnes of produce per megalitre of water and 
generate gross values of more than $1.5 million 
per hectare each year.
“Horticulture and irrigated agriculture can diversify WA’s economy and grow and support regional economies. The challenge is to produce export quality products while 
meeting consumer expectations around food 
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WA’s highest value horticultural crop is carrots,  
which was worth $126 million in 2018–19 (Figure 
23). Carrot production across the Swan Coastal 
Plain is fully mechanised from seeding to harvest and 
scale-up has encouraged vertical integration of 
packing facilities. WA exports $80 million worth of 
carrots to Asia and the Middle East each year. 
DPIRD’s Australian National Apple Breeding Program 
(ANABP) has produced varieties ranked within the 
top 20 apple brands in the world – Pink Lady™ at 
number one and Joya®/Sundowner™ at number 17.  
The latest variety, ANABP 01, marketed as Bravo® 
branded apples, has created a new opportunity for 
Australian apple growers to play a more significant 
role in the world apple market.  
Vast industry spread
WA’s horticulture and irrigated agriculture sector 
spans nearly 3500 kilometres from Kununurra to 
Albany, with vastly different production environments, 
crops and pest and disease management 
challenges. The different environments support 
production at different times  
of the year.
DPIRD’s Horticulture and Irrigated Agriculture team 
plays an important role in linking and coordinating 
responses to industry issues. 
To build international competitiveness and grow the 
sector, the team undertakes research to increase 
the productivity, profitability and sustainability of 
horticultural and irrigated agricultural businesses 
across the state. FIGURE 23. Gross value of agricultural production ($) of WA’s top ten horticulture industries (2018–19) 
Note: 2017–18 data for cut flowers, nurseries and cultivated turf.
Carrots   
$126m
Avocados   
$199m
Tomatoes   
$35m
Wine grapes   
$72m











Table grapes  
$49m
Research areas cover genetics, agronomy, 
production systems, environmental stewardship and 
the delivery of safe, quality produce to domestic and 
international consumers.
Field research spans temperate, subtropical and 
tropical crops at research facilities spread across 
WA from Manjimup and Perth to Carnarvon, 
Broome and Kununurra.  
New technologies and innovation are sought from 
across Australia and the world and evaluated for 
their suitability to WA’s environments and business 
operations.
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Horticulture and 
Irrigated Agriculture 
The team works closely with industry 
and government to:  
• improve productivity through modern and efficient 
production systems and technology 
• understand consumer and market drivers, trends 
and opportunities 
• encourage sustainable growth through 
environmentally responsible production systems 
• manage pests and diseases to increase product 
quality and meet market needs.




Purpose: increase the productivity, profitability and sustainability of Western Australia’s 
$2.5 billion horticulture and irrigated agriculture sector.
Develop production systems to increase yield 
and product quality in an environmentally 
responsible and cost-effective way. 
Understand consumer and market  
drivers and build industry capacity to 
take advantage of new opportunities.
Engage with industry and government  
to deliver outcomes of research and analysis 










HORTICULTURE AND IRRIGATED AGRICULTURE
Fruit and Perennial Crops
Horticulture and 
Irrigated Agriculture 
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FRUIT AND 
PERENNIAL CROPS 
Western Australia produces a wide range of 
temperate and tropical fruit species, from 
Kununurra in the north to Albany in the south, 
for domestic consumption and export.
Dr Dario Stefanelli 
TEAM LEADER,  
FRUIT AND PERENNIAL CROPS
DPIRD’S TEAM OF FRUIT AND PERENNIAL crop 
researchers works with established and emerging 
fruit and perennial crop industries across WA to grow 
high-quality products and increase competitiveness 
in global markets.  
The team undertakes plant breeding and evaluation 
programs to develop new varieties that match 
changing market needs while yielding well on-farm 
and in a changing climate.
The team is also working to generate value-adding 
opportunities for the fruit and perennial crop industries 
and increase profitability along the value chain.
Production systems research is focused 
on optimising growing conditions to 
increase fruit yield and quality, integrating 
innovative sensing technologies to 
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New wine grape 
varieties have 
novel appeal
Emerging wine grape varieties suited to 
Western Australian growing conditions 
will help WA wine producers mitigate the 
impacts of climate change while reducing 
input costs and meeting changing 
consumer preferences. 
Fruit and Perennial Crops
DPIRD is assessing the producer and consumer benefits of 
emerging wine grape varieties which are better suited to 
the changing climate of WA’s wine growing regions. Pictured 
is the variety Arneis, which achieved a high potential rating 
after four seasons of testing in Manjimup.
GrainsFruit and Perennial Crops
Horticulture and 
Irrigated Agriculture 
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ABOUT 80 PER CENT of WA’s $700 million 
wine industry is based on just five ‘noble’ French 
varietals: Sauvignon Blanc, Cabernet Sauvignon, 
Chardonnay, Shiraz and Semillon.  
Relying on such a small group of varietals could limit 
the profitability and sustainability of the WA wine 
industry in the face of market trends and climate 
change.
Estimates from industry production data (2018) 
show only about 1.5 per cent of WA’s production is 
from emerging varieties.
However, propagation orders received by the 
Western Australian Vine Improvement Association 
(WAVIA) show demand for emerging varieties has 
increased by 20 per cent in the past five years 
compared to the period between 2010 and 2015.
DPIRD research scientist Richard Fennessy has 
spent the past 12 years assessing the producer 
and consumer benefits of emerging wine grape 
varieties at DPIRD’s Manjimup Horticulture Facility 
and the WA College of Agriculture—Harvey in the 
Geographe wine region.
DPIRD scientists Richard Fennessy and Dr Kristen Brodison at 
DPIRD’s Manjimup Horticulture Facility. Richard is assessing emerging 
wine grape varieties to offer alternatives to the WA wine industry.
Richard showcased trial wines to industry and state government 
and opposition members at a State Parliament House event.
Emerging wine grape varieties offer consumers 
different aromas, flavours, textures and styles 
and are better suited to the changing climate of 
WA’s wine growing regions.
Horticulture and 
Irrigated Agriculture 
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Varieties were assessed for their timing of budburst, 
flowering, veraison and harvest, vine growth 
characteristics and wine attributes and quality.
After four consecutive seasons, the 18 varieties at 
the Manjimup site were categorised as having high, 
medium or low potential (Table 5) and the research 
findings were summarised in the bulletin Evaluation 
of alternative wine grape varieties in Manjimup 
Western Australia. 
Over the past 10 years WAVIA has seen good 
demand, particularly for cuttings of Arneis and 
Vermentino.
Table 5. Potential of emerging wine grape varieties  
grown at Manjimup in WA









Viognier DPIRD scientist Richard 
Fennessy has adapted 
commercial methods to tailor 
winemaking to small lots of 
emerging wine grapes. The 
new methods bring out the 
best of each wine style.
Emerging wine grape varieties are also being 
assessed at the WA College of Agriculture in 
Harvey, where students are collecting production 
data for the small-lot trials.
The varieties from the Harvey site will be 
categorised once the results for 2020 are tallied.
Fruit and Perennial Crops
GrainsFruit and Perennial Crops
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Innovative winemaking
Establishing the appeal of wines made from the 
emerging varieties was a central focus of the project.
In what is believed to be an Australian first for variety 
comparison, Richard used commercial winemaking 
techniques to produce small-lot trial wines (ranging 
from two litres to 20 litres), tailoring the winemaking 
to a wine style that best suited each of the varieties. 
Previously the practice had been to produce wines 
in a ‘neutral’ style using a standard process to 
compare all varieties.
To successfully apply the commercial techniques, 
the project had to overcome challenges of scale 
and available resources. Small-lot wines are difficult 
to make soundly as they are highly susceptible 
to oxidation and the limited volume provides little 
opportunity to taste the wines during the process. 
Richard validated the commercial approach when a 
panel of 16 winemakers overwhelmingly scored the 
wines made in the commercial style higher than the 
neutral wines made from the same varieties.
The wines produced from the emerging varieties at 
the Manjimup and Harvey trial sites were assessed 
by expert panels of winemakers and at wine shows 
to establish their market appeal. In addition, in a 
consumer perceptions study, 40 educated wine 
consumers assessed the likeability of each of the 
varieties from the Manjimup site.
From 2017 to 2020, wines from the Harvey site have 
received seven gold, 13 silver and 23 bronze medals 
from four consecutive seasons. 
Richard Fennessy at Manjimup testing sugar 
levels of the grapes prior to harvest.
Geographe wine producers tasting trial  
wines at the DPIRD Bunbury office.
Vermentino juice settling before fermentation.  
This emerging variety is one of 15 varieties showing 
promise in the small-lot wine trials at DPIRD’s 
Manjimup site.
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pays off for 
apple breeders
DPIRD’s apple-breeding program 
is developing superior cultivars that 
are adapted to the local climate and 
suitable for export markets.
GrainsFruit and Perennial Crops
Horticulture and 
Irrigated Agriculture 
DPIRD RESEARCH HIGHLIGHTS  2021  245
AN APPLE-BREEDING PROGRAM in Western 
Australia is ensuring that local apple producers have 
access to climatically adapted cultivars that are 
suitable for domestic and export markets.  
DPIRD’s Australian National Apple Breeding 
Program (ANABP) aims to breed apple cultivars that 
add to the profitability and development of the WA 
apple industry. WA produced around 24 000 tonnes 
of apples in 2018–19 that had a wholesale value of 
$50.4 million.
The ANABP is the only government-owned apple-
breeding program in Australia and is highly regarded 
internationally. It has produced two apple cultivars 
that are in the current top 20 branded apples in 
the world – Pink Lady™ and Joya®. The program’s 
most recent development, ANABP 01, is extremely 
popular with Australian consumers. ANABP 01 fruit 
that meets the required quality specifications is 
marketed as Bravo® (see next page).
The ANABP develops apple cultivars that are 
adapted to the long, hot, dry summers and 
mild winters of the south-west of WA. The most 
important climatic adaptation relates to winter 
chilling. Apple trees need a period of cold weather 
to break their winter dormancy. WA’s mild winters 
provide less winter chilling compared to northern 
hemisphere winters. 
The breeders also consider the qualities needed for 
a variable and warming climate to build a long-term 
sustainable apple industry.
Export of apples from WA has 
increased in both volume and 
value. From 2016 to 2020 apple 
export grew from over 11 tonnes, 
valued at about $32 000, to over  
82 tonnes worth about $432 000. 
The ANABP provides the WA industry with new 
apple cultivars that can be licensed to allow export 
to other countries. International trade of each apple 
cultivar is controlled by the breeding program that 
owns the cultivar and associated trademark. Apple 
cultivars from other breeding programs that are 
grown in Australia may be limited to domestic sales 
only.
By growing ANABP cultivars, WA apple producers 
can increase the volume of apples for the export 
market to grow the WA industry. Producers also 
benefit from international commercialisation of 
ANABP cultivars, which provides a competitive 
advantage in export markets which may potentially 
increase profits.The highly popular Cripps Red apple is one half  
of the cross that has produced the newly released 
ANABP 01 apple bred by DPIRD’s Australian National 
Apple Breeding Program. Cripps Red is marketed as 
Sundowner™ in most places but Joya® in Europe.
Apple maturity testing is done before harvest to 
ensure fruit is picked at the optimum maturity 
for immediate consumption or storage.
Fruit and Perennial Crops
Horticulture and 
Irrigated Agriculture 
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In 1992 a cross between the apple cultivars Royal Gala and 
Cripps Red created ANABP 01. After full evaluation and testing, 
ANABP 01 was released to apple growers for commercial 
production in 2014. 
More than 80 growers now produce the crop across WA, New 
South Wales, Queensland, South Australia and Victoria, most 
of which is marketed as Bravo®. In 2020, about 1700 tonnes of 
Bravo® apples were marketed to Australian consumers.
Apples produced from ANABP 01 have a distinct sweetness, 
moderate to high crisp and crunch, and have a striking burgundy 
colour. They are like no other apples currently available in Australia, 
which helps consumers to identify them in the marketplace. 
ANABP 01 apple flesh is slow to brown, making it ideal as cut fruit. 
The fruit contains one of the highest levels of flavonoids among 
apple cultivars. Flavonoids are antioxidants 
that may improve heart health. The desirable 
qualities of the cultivar suggest it could be 
an acceptable and sought-after product in 
international markets.
International commercialisation of  
ANABP 01 is underway. Following the export 
success of Cripps Red and Cripps Pink, 
marketed as Joya® and Pink Lady™, there 
is excitement among growers of ANABP 01 
that this apple from the WA-run program will 
be as successful.
Burgundy Bravo® like no other
Senior technical officers Steele Jacob (left) and John Sutton (right)  
with the new Bravo® apple. 
BELOW RIGHT: Steele Jacob (DPIRD) and Jenny Mercer (WA Farm Direct) 
with the first major export of Bravo® apples to leave WA for Singapore.
GrainsFruit and Perennial Crops
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Painting pollen for hand pollination of apple flowers.
Newly grafted ANABP 01 apple trees. LEFT AND MIDDLE IMAGE: Apple seedlings being grown in hothouses.
New cultivars in the pipeline
Yellow skin, red flesh, a bell-shaped base and a long 
conical shape are just some of the unique apple 
characteristics currently undergoing evaluation by 
the ANABP. 
The ANABP uses conventional plant breeding to 
create hybrid seed for new cultivars suitable for 
domestic and export markets. It can typically take  
20 years to produce and test a new apple cultivar 
before release. 
The apple-breeding project team, led by Dr Kristen 
Brodison, grows thousands of hybrid apple 
seedlings every year. 
About 20 suitable apple selections (one in 400 
seedlings) progress through to the evaluation stage, 
which includes appearance, eating characteristics 
and profitability of production. Only about three 
selections progress to consumer testing. 
Cultivars finally released to market are superior to 
existing cultivars or are unique. They should handle 
and store well; have consistently high yields; be 
easy to prune, train and manage; and have good 
resistance to pests, diseases and sun damage.
Consumers differ in their preferences for apples, 
typically based on flavour and texture characteristics. 
For example, some consumers like apples that are 
sweet (e.g. Golden Delicious) while others prefer apples 
with a higher fruit acid content (e.g. Pink Lady™).
ANABP selections are assessed for nutraceutical 
qualities including their potential to boost antioxidants 
in consumers’ diets. Some ANABP cultivars including 
Cripps Pink and ANABP 01 contain some of the 
highest levels of flavonoids among apple cultivars. 
Some selections may suit other uses such as 
processing, dried fruit or cider production. To improve 
crop utilisation, water efficiency and overall farm 
productivity, DPIRD is investigating whole-of-harvest 
solutions that could make WA apple growers more 
competitive and profitable. 
DPIRD apple breeders aim to deliver  
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New mango 
varieties a win 
for consumers 
and producers
DPIRD scientist Tara Slaven with a tray of a new mango 
variety (NMBP-1243) bred through the Australian 
National Mango Breeding Program.
Fruit and Perennial Crops
DPIRD mango researchers have developed 
new mango varieties with improved 
attributes and are assisting growers to 
increase production and marketable 
yield through research into sun damage, 
protected cropping and orchard design. 
GrainsFruit and Perennial Crops
Horticulture and 
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NEW MANGO VARIETIES that taste better, 
look better and are easier to grow than current 
commercial varieties have been successfully bred 
by the Australian National Mango Breeding Program 
(NMBP). 
The NMBP has developed three new varieties 
(currently named NMBP-1201, 1243, and 4069) 
that are a significant improvement on the industry 
standard, Kensington Pride.
The NMBP was initiated in 1994 as a collaboration 
between DPIRD and agricultural agencies in the 
Northern Territory and Queensland and the CSIRO.  
The Australian Mango Industry Association, growers 
and a range of entities between production and 
marketing have joined the program since the 
production of the new varieties.
The three new varieties have improved agronomic 
performance and quality compared to Kensington 
Pride, making them more profitable for growers.
On average, WA produces  
1260 tonnes — or 180 000 
trays — of mangoes per year. 
This represents five to eight per 
cent of Australia’s mango harvest 
and has an estimated value that 
varies from $7 to $16 million 
between seasons. The majority 
of WA production is consumed 
by the Perth market, although 
there is some opportunistic 
export, and some late-season 
mangoes are sent to eastern 
Australia. New mango varieties (NMBP-1243 and NMBP-1201) have superior 
agronomic performance and quality compared to the industry 
standard, Kensington Pride.
DPIRD scientist Tara Slaven examines 
a flowering mango tree as part of the 
Australian National Mango Breeding Program. 
New mango varieties have been created 
by crossing the standard Australian variety, 
Kensington Pride, with a range of Floridian, 
Indian and Asian cultivars.
In an auction-style study, mango 
consumers said they would pay more for 
the new varieties, particularly NMBP-1243 
(up by about 20 per cent). In contrast, 
willingness to pay for one of the present 
commercial varieties fell by 17 per cent 
after tasting.
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Fruit and Perennial Crops
Horticulture and 
Irrigated Agriculture 
DPIRD is part-owner of the three new licensed 
hybrid varieties which are protected under 
Australian Plant Breeder’s Rights legislation. They 
were created by crossing the standard Australian 
variety, Kensington Pride, with a range of Floridian, 
Indian and Asian cultivars. It can take more than 10 
years to breed a new mango variety.
While small commercial quantities from Queensland 
plantings of the new varieties were available in 
eastern Australia in the 2020–21 season, it will still 
be a year or two before fruit from the more recent 
WA plantings is in the Perth market.
To support the establishment of full value chains 
for the new mangoes, DPIRD will continue the 
development of production and commercialisation. 
Research scientist Tara Slaven and her team of 
technical officer Helena O’Dwyer and research 
station operatives at the Frank Wise Tropical 
Agriculture Institute in Kununurra are conducting 
field screening such as sunburn management and 
budwood production. Market research has been 
conducted in partnership with Griffith University 
and the University of Adelaide.
Mangoes are propagated either by seed or by grafting (above). 
Grafting joins the parent tree to a rooted plant known as the rootstock.
It can take up to a decade to breed new 
mango varieties. Pictured is the hand 
pollination of a mango cross.
Parent tree (budstock) shooting 24 days 
after having been grafted onto rootstock.
DPIRD is part-owner of the three new hybrid mangoes bred 
through the Australian National Mango Breeding Program. 
GrainsFruit and Perennial Crops
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Sun protection for mangoes
Sunburn is a major quality issue for WA mango 
growers. Up to 40 per cent of the crop can be 
lost to sunburn each year. Typically, all fruit on the 
western side of a tree can be affected. Growers 
could potentially earn an extra $2.8 to $6.4 million 
annually if they could market 40 per cent more fruit 
at current prices.
Caused by a combination of light and heat, 
sunburn ranges from mild bleaching to blackened 
depressions of the skin. It can also cause deformity 
of the fruit where the exposed side of the fruit does 
not fill out, creating a flat surface known as slabbing. 
The market will tolerate some bleaching up to about  
25 per cent of the fruit; any more than that renders 
the fruit unmarketable.
DPIRD mango researchers are assessing modified 
pruning techniques, row orientation, stress reducers, 
and protected cropping to reduce the occurrence of 
sunburn and increase the volume of marketable fruit 
per tree.
Novel shelter systems 
At DPRID’s Carnarvon Research Facility, senior 
research scientist Neil Lantzke is developing 
protected cropping systems to lift mango 
productivity and quality, as well as expand the 
production window for the fruit in WA.
Protected cropping controls the micro-climate of the 
orchard to reduce heat and light stress on the trees. 
It can also provide wind shelter, which reduces 
evaporation and fruit rubbing, thereby increasing 
marketable yield.
The protected cropping structures can be opened 
and closed during the growing period to create 
shade during fruit production and control the amount 
of light and heat reaching the crop. This reduces 
evaporation, temperature and sunburn, thereby 
decreasing stress on the orchard and enabling a 
wider cropping window and potentially higher yields.
Mango with no sunburn. Minor sunburn (bleaching). Severe sunburn (necrosis).
DPIRD research is developing protected cropping 
systems to protect mangoes from heat and light 
stress and improve fruit productivity and quality.
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LiDAR (light detection and ranging) is a 
remote sensing tool used in a range of 
applications including mapping, vegetation 
analysis, tree height measurement and terrain 
modelling. It can be used to map mango 
orchards to better visualise production issues 
such as sunburn. 
LiDAR scans create digital twins of orchards, 
which can then be used to help make 
decisions from the micro-scale (individual 
leaves/branches) to the macro-scale (whole 
orchard management).
Management practices in the digital orchard 
can be modelled to predict how they will 
affect production issues such as light 
interception and spray efficiency.
DPIRD is using the remote sensing system 
to improve mango orchard design and 
management in a collaboration with the 
Department of Agriculture and Fisheries, 
Queensland, and the University of 
Queensland.
DPIRD is using remote sensing to create ‘digital twins’ of 
mango orchards and model how management decisions 
affect light interception and issues like sunburn.
GrainsFruit and Perennial Crops
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Avocados are the largest and fastest growing fruit 
industry in WA. However annual yields can vary 
by as much as 70 per cent of total production 
from one year to the next. 
DPIRD research scientist Declan McCauley is 
investigating how to even out annual avocado 
yields to make growing avocados more 
sustainable and competitive.
WA produces about 38 per cent of Australia’s total 
avocado production. In 2019–20 total Australian 
avocado production was about 87 500 tonnes, with 
a value of $493 million. 
Annual yields depend on the number of fruit set 
and retained on the trees until harvest, as well as 
the size of the harvested fruit. Fruit set can vary 
between seasons by up to 50 per cent. 
Weather conditions during ripening can affect 
avocado yield. For example, stress-induced fruit 
drop of up to 20 per cent of yield has occurred in 
the Carabooda area due to hot and dry easterly 
winds in summer.
Declan is researching what causes avocado trees 
to divert energy (carbohydrates) into fruit rather 
than the leaves and stems. He is also investigating 
the factors that determine fruit set, especially 
environmental effects. The third part of his research 
is evaluating production practices such as the use 
of growth regulators to reduce tree growth and 
thereby increase fruit set. 
In other research, DPIRD scientist David Rowe is 
examining how avocado tree density, protected 
cropping and irrigation systems influence fruit yield 
and water use efficiency. 
Smoothing out seasonal avocado supply
DPIRD research scientist Declan McCauley measures 
avocado size as part of a trial investigating fruit load 
and yield.
DPIRD development officer Jesse Bowman (left) and 
research scientist Elliot Howse (right) installing a lysimeter 
in a new avocado orchard to study water dynamics, use 
efficiency, fertigation efficiency and nutrient leaching.
Three-year-old flowering avocado orchard in the Manjimup area 










DPIRD RESEARCH HIGHLIGHTS 2021   255
VEGETABLE CROPS 
Western Australia  
produces about  
$500 million worth of 
vegetables each year, 
predominately at  




TEAM LEADER, VEGETABLE CROPS
THE STATE’S MAJOR VEGETABLE CROP 
is carrots, which contributes about a quarter of 
the total production value, followed by tomatoes, 
potatoes, onions, broccoli and cauliflower.  
Most of the vegetables produced 
are consumed locally or sold into 
Australia’s eastern states. 
Vegetable exports are worth about $118 million; the 
largest export is carrots at $80 million. The largest 
export destinations are the United Arab Emirates 
($24 million), Singapore ($19 million) and Saudi 
Arabia ($18 million).
DPIRD’s vegetable research team carries out 
research and development, from Carnarvon in 
the north to Manjimup in the south, to increase 
vegetable quality and yield. A key focus of the 
research is assessing the yield and quality benefits 
of growing vegetables under protected cropping 
structures.
The team also identifies opportunities to expand 
market share for WA vegetables through economic 
analysis of domestic and export markets.
Horticulture and 
Irrigated Agriculture 
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Crops go undercover 
to generate more 
profits
Horticultural profits are underpinned by 
yield and the proportion of the crop that 
reaches first-grade quality, a class that 
often receives twice the price of  
second-grade produce. DPIRD’s vegetable 
production research and development 
team is investigating ways to lift product 
quality, increase the share of first-grade 
product and increase profitability on WA 
vegetable farms.
Eggplants growing under protected cropping, 
a system that can achieve higher yields per 
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PROTECTED CROPPING, OR SHELTERING 
crops with dedicated structures, protects against 
extremes of temperature, strong winds, rain and 
high pest pressures.  
Vegetable crops worldwide are grown under 
protected cropping structures. Southern Spain has 
about 30 000 hectares of polyhouses, and screen 
and greenhouses are increasingly used in the Middle 
East, north-west Mexico and North Africa.
Tomatoes, capsicum, eggplant and cucurbit crops 
are commonly grown under protected cropping. 
In 2018 about 30 per cent of Australia’s tomatoes 
were grown in greenhouses. Eighty-five per cent of  
Australia’s continental cucumber production during 
the winter/spring period is grown in Geraldton in 
greenhouses.
Protected cropping can extend or modify the 
harvest season, achieve higher yields per hectare 
and improve water use efficiency. Lower pest 
pressures can enable insect control to be achieved 
with fewer chemical applications.
Yields per square metre can be four to 10 times 
higher than in field-grown crops, depending on crop 
type and the protective technology used.
About 30 per cent of Australia’s tomatoes were grown 
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DPIRD’s vegetable team, led by senior research 
scientist Neil Lantzke, is determining production 
guidelines and return on investment for a range of 
crops grown under protected cropping structures 
at the department’s Carnarvon Research Facility. 
The structures include a net house that covers 
1.3 hectares and an 800m2 greenhouse with a 
retractable roof. 
The research is part of a $1.4 million state 
government investment in new programs and 
upgrades at the Carnarvon Research Facility to 
support the diverse horticultural industry in the 
Gascoyne.
Higher pest pressures at Carnarvon over the last 
decade have led to an increased incidence of 
insect-borne viruses affecting high-value crops such 
as capsicum, which leads to a reduced growing 
window, reduced yield or total crop write-off. This 
has resulted in a higher reliance on chemical control 
options. 
DPIRD is investigating cost-effective ways to build 
insect-exclusion structures and retrofit existing 
net houses in Carnarvon. Insect-exclusion netting 
around vulnerable crops could help growers reduce 
chemical usage and promote beneficial insect 
control options.
Optimising fertiliser inputs
Vegetable growers in the Carnarvon area apply a 
range of nutrients, often at high rates, which may 
not be necessary and could be linked to poor 
vegetable quality. 
DPIRD research scientist Dr Giao Nguyen will 
investigate the effect of potassium fertiliser 
application rates on produce yield and quality. Trials 
are underway on sweet corn and pumpkin at the 
Carnarvon Research Facility to determine whether 
growers can reduce potassium rates. This could 
save on fertiliser costs and reduce the chance of 
excess fertiliser getting into the environment.
An 800m2 greenhouse with retractable roof has been built at the DPIRD Carnarvon 
Research Facility as part of a large project investigating the yield and economic 
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Rejuvenating the Carnarvon 
tomato industry
Tomatoes are worth about $35 million per year to 
WA. The crop accounts for about 30 per cent of 
the total horticultural production in WA’s Gascoyne 
region.
Lifting the quality of tomatoes could open up market 
opportunities for Carnarvon growers.
Development officer Annie Van Blommestein is 
supporting the Carnarvon tomato industry by:
• discussing production practices and 
opportunities to improve fruit quality with local 
growers
• providing marketing and business education to 
growers
• reviewing suitable tomato varieties and fertiliser 
practices 
• assessing tomato fruit quality and post-harvest 
shelf life 
• demonstrating best-practice techniques for  
post-harvest handling.
Annie’s work will identify potential focus areas for 
demonstration trials on growers’ properties in 2022.
Sweet corn trials at the Carnarvon Research 
Facility (also below) are determining whether 
growers can reduce potassium rates.
DPIRD is working with the Carnarvon tomato industry to 
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Technology improves irrigation 
efficiency 
Achieving high irrigation efficiencies is critical for 
WA vegetable producers who are dealing with an 
increasingly drier climate.
DPIRD researchers have found that the efficiency 
of commonly used vegetable sprinklers changes 
significantly depending on wind speed. In higher 
winds, sprinklers are less likely to give even water 
coverage, highlighting the need to space sprinklers 
more closely together in high wind speed areas 
such as the Swan Coastal Plain. 
In one trial, an increase of wind speed from  
4 km/hr to 20 km/hr caused a 10 per cent reduction 
in distribution uniformity for sprinklers spaced  
12 metres apart. Distribution uniformity is a critical 
component of efficient irrigation. The same increase 
in wind speed saw a 20 per cent reduction in 
uniformity for sprinklers spaced 16 metres apart.  
This shows that closer-spaced sprinklers provide 
superior irrigation uniformity and are more resistant 
to the effects of wind. 
Irrigation assessments in the north Wanneroo area 
by DPIRD research scientist David Rowe found 
that growers could improve irrigation efficiency by 
addressing sprinkler irrigation uniformity, pump 
performance and flow and pressure variations.
Soil moisture monitoring helps growers determine 
when to irrigate and how much water to apply. 
DPIRD researchers at Carnarvon are assessing 
several moisture sensors for their reliability and 
accuracy and will determine the soil moisture levels 
at which farmers should commence irrigation to 
prevent crop stress. 
DPIRD has installed a Low Range Wide Area 
Network (LoRaWAN) system at the Carnarvon 
Research Facility. The team will investigate giving 
access to growers across the district to encourage 
the uptake of soil moisture sensors, water meters, 
water tank sensors and weather stations on their 
properties. The technology will allow growers to 
remotely monitor their irrigation systems and better 
manage irrigation of crops.
DPIRD research scientist David Rowe (above) is helping the horticulture 
industry improve irrigation efficiency by addressing sprinkler irrigation 
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New export markets
Demand for premium WA vegetables is increasing, 
in part due to increasing middle class incomes in 
Asia and the Middle East. 
Carrots, potatoes, onions and truffles formed 
91 per cent of total vegetable exports by value. 
DPIRD research officer Manju Radhakrishnan is 
investigating whether other WA industries with 
low or negligible exports can be added to the list 
of major exported vegetables. A preliminary multi-
criteria analysis put asparagus, cauliflower, broccoli 
and sweet potato at the top for further analysis. 
To assess export potential Manju is analysing 
selected export markets in terms of import value, 
price, quantity and trends over the past few years. 
She is determining the extent of market competition 
and analysing comparative tariff and distance 
advantage for Australia. The analysis will result in a 
list of markets that might have potential to absorb 
WA’s premium products if there is capability to 
supply. 
Manju is also exploring the potential for WA-grown 
crops to replace vegetable supplies from interstate 
and imports from overseas to Australia. For part 
of each year, WA receives supplies of vegetables 
including asparagus, capsicum, cucumber, 
garlic, mushroom, sweet potato and tomato from 
interstate. Garlic and asparagus are the major 
vegetables Australia imports from overseas.
Given the wide climatic variability across WA, further 
research may discover new WA production areas 
that will deliver produce out-of-season, reducing the 
need for imports.
FIGURE 24. Vegetable export value trends (2009–19)




























Between 2009 and 2019 the  
value of WA’s export vegetable 
industry increased by 112 per cent 
to $118 million (Figure 24).
For part of each year, WA receives supplies 
of capsicum from interstate.









A citizen science project led by DPIRD is providing 
export markets with proof that Western Australia is free 
of a serious horticultural pathogen.
DPIRD project leader Don Telfer is leading surveillance efforts to detect a tiny  
sap-sucking insect known as the tomato potato psyllid (right), which can carry a 
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A DPIRD SURVEILLANCE PROGRAM has 
demonstrated the absence of significant pathogen 
from WA, with the help of Perth-based citizen 
scientists.  
The pathogen, known as Candidatus liberibacter 
solanacearum (CLso), is spread by the tomato 
potato psyllid (TPP – a tiny sap-sucking insect that 
feeds on, and reduces crop yield in, tomato, potato, 
capsicum, chilli, goji berry, tamarillo, eggplant and 
sweet potato as well as some weeds such as 
nightshade.
CLso is also known for causing the tuber 
symptom ‘zebra chip’ where potato tubers take 
on a dark stain upon cooking, causing significant 
downgrading of potatoes.
Volunteers in the Perth metropolitan and peri-urban 
areas trap the tiny TPP insects using sticky traps 
and send the samples to DPIRD for pathogen 
analysis.
The program outcome has been critical to 
maintaining key WA horticultural export markets, 
particularly seed potatoes, through demonstrating 
the absence of the companion organism CLso.
Tomato potato psyllids are tiny sap-sucking insects 
first discovered in Perth in 2017. They pose a 
serious risk to the WA vegetable industry.
Healthy tomato plant. Tomato plant showing TPP damage.
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Continuing to demonstrate WA’s CLso-free status 
will ensure that interstate and overseas seed potato 
markets valued at about $10 million per year are not 
disrupted and have the opportunity to grow further.
DPIRD project leader Don Telfer is leading the 
surveillance team to monitor for CLso with the help 
of the volunteer public.
TPP was discovered in a  
backyard in Perth in 2017. It 
is now well-established from 
Esperance to Carnarvon. 
Surveillance has not detected 
TPP on horticulture properties in 
the Ord River Irrigation District.
Backyard surveillance
To prove to interstate and overseas markets that 
CLso is not present in WA, more than 1000 TPP 
are caught each year in metropolitan backyards 
and then genetically tested for the presence of the 
pathogen.
Over four weeks each spring and autumn the 
surveillance team enlists up to 250 volunteers to 
take home a set of sticky traps. The volunteers are 
also given tomato seedlings to grow to lure the 
TPP to the nearby sticky traps. The sticky traps 
are changed weekly and the exposed traps sent to 
DPIRD’s laboratories for analysis. 
Up to 250 volunteers in and around the Perth 
metropolitan area trap the tiny tomato potato 
psyllids using sticky traps and send the samples 
to DPIRD to determine if they are carrying the 
bacterial pathogen.
Volunteers set traps for four weeks each spring 
and autumn and send the exposed traps to DPIRD 
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About 80 per cent of volunteer 
trappers return each season to be 
part of the surveillance project.
The Transition to Management Plan was developed following national agreement that TPP 
cannot be eradicated and that efforts should focus instead on managing the pest.
For the surveillance of CLso in the greater Perth 
metropolitan area to be effective, DPIRD needs 
sufficient volunteers with traps spread in a rough 
matrix across the surveillance area.
Don and his team identify and recruit residents with 
backyards across the surveyed shires to work with 
the surveillance team. Trappers come from local 
and state government organisations as well as the 
general public.
As part of continuous improvement, Don is working 
with DPIRD entomologist Dr Melinda Moir to engage 
volunteers in a nationally funded research project 
led by DPIRD. The research is investigating whether 
TPP traps can be used to monitor other pests 
without affecting the catching of TPP and whether 
an alternative TPP trap from the USA is more 
effective for monitoring in WA. 
Insect and Disease Management
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Insect pests and diseases challenge most horticultural 
and irrigated agricultural production. Sustainable 
management requires an understanding of the organisms, 
their natural enemies and the production systems.
Dr Helen Spafford 
TEAM LEADER, INSECT AND DISEASE 
MANAGEMENT
DPIRD’S INSECT AND DISEASE MANAGEMENT 
team members are found throughout the state in 
paddocks, fields, vineyards and orchards collecting 
data on the dynamic set of insect pests, diseases and 
weeds that challenge production. Even new products 
like truffles have pests that require management.  
New pest incursions, like fall armyworm and apple 
scab, require rapid responses to assess impacts  
and develop management approaches.  
External drivers – such as changes in market 
regulations and requirements at the local, national 
and international level, and consumer requirements 
for clean, green and aesthetically pleasing 
commodities – create increasing pressure for 
horticultural industries to continually innovate. For 
example, one DPIRD project is exploring a systems 
approach for fruit fly pests and moths to help 
secure markets for WA growers. 
Not all insects are pests. Biological control is an 
important aspect of an integrated pest management 
program and is an area the team is investigating. 
The use of natural enemies helps to reduce the 
number of pesticide applications. Understanding 
the biology of the pests and their natural enemies 
is crucial for the biological control of pests of crops 
like avocados and apples. 
Many crops require insect pollination and there is 
concern about the worldwide decline of colonies of 
the domesticated honey bee. Research is underway 
to study flies as alternative insect pollinators and 
develop ways to manage them to supplement  
honey bee activities.
The insect and disease 
management team is providing 
evidence-based solutions to some 
of the most challenging issues 
facing WA producers.
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From Ord Valley sweet corn and mangoes 
in the north to Manjimup apples, grapes 
and truffles in the south, Western Australia 
produces a diverse range of horticultural 
crops. Equally diverse are the pests and 
diseases attracted to these horticultural 
crops, the control of which presents a 
constant challenge to growers. Fall armyworm damage on maize.
Insect and Disease Management
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RESEARCH SCIENTISTS in the insect and disease 
management team are focused on developing 
management systems for new and established 
pests that enable growers to reduce chemical use 
and costs while producing higher-quality fruit and 
vegetables.
Natural predators replace 
chemical control 
Using natural predators to control mites and other 
pests is a central focus of the integrated pest 
management systems being developed by DPIRD 
horticultural researchers. Pest mites have a global 
reputation for their capacity to overcome chemical 
control, so developing non-chemical ways to control 
them is critical for their ongoing management.
Predatory mites are natural 
enemies that attack and eat pest 
mites.
DPIRD scientist Alison Mathews examines 
apple leaves for European red mites.
Avocado tree defoliation due to six-spotted  
mite infestation.
Predatory mite attacking a 
six-spotted mite.
GrainsInsect and Disease Management 
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The European red mite, Panonychus ulmi, was first 
detected in WA in 2005 and quickly spread through 
the state’s major apple growing regions. It is the 
major pest mite of cooler climate growing areas 
such as Manjimup and Pemberton.
The local predatory mites that are present in WA 
apple orchards do not successfully control the 
European red mite so the DPIRD research team is 
investigating the control potential of the predatory 
mite Typlodromus pyri which is known to attack the 
European red mite in orchards overseas and in the 
eastern states. 
A population of Typlodromus pyri is currently being 
cultured for DPIRD in a biological control facility in 
South Australia. The predatory mites have been 
mass produced and a portion of the colony has 
already been imported into WA where they were 
released directly into selected orchards infested with 
European red mites during the 2020–21 season.
DPIRD researchers will be monitoring how well 
the predatory mite is becoming established and 
how well it controls the European red mite. If the 
predators establish themselves successfully they will 
be introduced into other infested orchards in WA. 




for mite control  
Avocados are one of the highest value 
horticultural crops grown in WA with an 
estimated annual value of about $200 million. 
Although production is seasonally variable, a 
new record of 25 617 tonnes was achieved in 
2018–19, which represented about 30 per cent 
of Australian production.
Six-spotted mite is a pest of avocado production 
in the lower south-west of WA. It feeds on the 
leaves of avocado trees, leading to defoliation 
and reduced fruit quality. Tree health and fruit set 
for the next season may also be affected. 
DPIRD scientist Alison Mathews examines an 
avocado leaf for predatory mites.
Six-spotted mite with egg.
Research scientist Alison Mathews is 
investigating integrated pest management 
options for six-spotted mite. Naturally occurring 
predatory mites, mass-reared predatory mites, 
tree health and miticide applications may be 
used or adapted to sustainably manage this 
pest. A user-friendly monitoring strategy for the 
mite will also be developed.
The findings will give growers confidence in 
their pest monitoring program and ensure 
management strategies are applied only if and 
when needed.
Truffle troubles
Producers of black truffles need to be aware of 
pests and diseases to protect their valuable dark 
harvest. DPIRD led the first major national truffle 
research project into pests and diseases of truffles 
and their host trees.
The WA industry is the fourth largest production 
region globally. In 2019 truffle production from 
the fungus, Tuber melanosporum, in WA was 
estimated to be about 10 tonnes of saleable truffles 
of which about 80 per cent was exported. Truffle is 
a premium product; export-quality truffle is worth 
about $800 per kilogram. 
Slugs and slaters are the most significant pests of 
truffles, being both widespread and most prevalent 
in orchards. They feed on unripe and ripe truffles 
reducing harvest quality and yield which reduces 
the return to the producer.
Slug feeding on truffle.
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Damaged truffle, possibly caused by springtails.
Extensive feeding damage caused by slugs and/or slaters. Truffle orchard, Manjimup.
Research scientist Alison Mathews coordinated 
the production of an integrated pest and disease 
management manual and a field guide for the truffle 
industry. The documents provide growers with a 
comprehensive list of the pests and diseases they 
might find in their truffle orchards, and how to 




Australian Truffle Orchards 
Pest and disease field guide
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Scientists a step ahead of fungal 
pathogens
Fungicide resistance reduces control options 
for fungal diseases. DPIRD research scientist Dr 
Andrew Taylor is working with the WA apple and 
table grape industries to identify pathogens of high 
risk for fungicide resistance. 
Apple scab, caused by the fungus Venturia 
inaequalis, is considered the most economically 
important disease of apples worldwide and is 
known to rapidly develop resistance to a range 
of fungicide groups. Under favourable conditions, 
uncontrolled apple scab can affect nearly all the fruit 
in an orchard, reducing fruit quality and may cause 
tree defoliation and reduced tree vigour. 
The disease is relatively new to WA, and until  
Andrew’s study its baseline fungicide resistance was 
unknown.
Samples collected by Andrew from orchards in WA 
during the 2018–19 production season indicated 
that all fungicides registered for control of apple scab 
in WA were still effective. This means that if growers 
Without effective fungicides, high 
infection rates would be likely and 
the industry would need to shift 
to apple varieties with resistance 
to the pathogen.
Apple scab, caused by the fungus Venturia inaequalis, 
is considered the most economically important disease 
of apples worldwide.
follow resistance prevention guidelines they can be 
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Late season powdery mildew on grapes 
causing splitting of the berry.
Powdery mildew renders grapes unmarketable. DPIRD scientist 
Dr Andrew Taylor is developing a disease model to improve the 
management of the disease.
Powdery mildew is a common disease caused by 
various fungal species and affects many crops and 
native hosts in WA. In seasons with regular warm 
and humid conditions, powdery mildew can cause 
significant yield losses and increase management 
costs.
Accurate identification of powdery mildew pathogens 
in WA is needed to develop management plans 
that delay the development of fungicide resistance. 
Andrew is currently updating the catalogue of 
powdery mildew species and their associated 
hosts in WA, using DNA sequencing techniques to 
categorise powdery mildew species with the correct 
taxonomy.
Powdery mildew of grapevines is caused by the 
fungus Erysiphe necator. With the support of the 
WA table grape industry, Andrew is trialling disease 
models developed in California and Europe that he 
has adapted for WA vineyards. 
If successful, the models could improve management 
of powdery mildew in grapevines leading to fewer 
fungicide applications each season.
Early powdery mildew infection of a leaf.
Insect and Disease Management
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Fall armyworm caterpillars will feed on many 
different parts of corn plants. This larva was found 
in the tassel. 
Insect and Disease Management
Fall armyworm
WA growers are now dealing with a new invader, 
fall armyworm. It is a significant pest that has been 
a challenge to manage wherever it is found. In the 
US and Brazil, where they have been managing 
fall armyworm for decades, losses and significant 
management costs are estimated at US$300 million 
annually.
An integrated pest management 
approach to its control will be 
particularly important due to the 
propensity of fall armyworm to 
evolve resistance to insecticides.
Senior research scientist Dr Helen Spafford and 
a team of DPIRD officers around the state are 
monitoring the spread and establishment of fall 
armyworm. They are studying its impact and host 
range in WA, and surveys are underway to discover 
its natural enemies. 
Fall armyworm became established in Australia early 
in 2020 at the tip of Cape York in Queensland and 
was confirmed in WA on 1 April 2020. 
Fall armyworm moths can travel long distances by 
flying and using wind currents.
Horticulture and 
Irrigated Agriculture 
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A systems approach is accepted by some trading 
partners as an alternative to end-point treatment. 
The systems approach uses two or more measures 
to provide the appropriate level of protection from 
a specific pest or disease. For each measure, 
evidence must be provided to demonstrate to the 
trading partner that the exported commodity is free 
of specified pests and diseases. 
Project manager Kim James is leading a four-year 
project to realise market access opportunities for 
WA apples using a systems approach. The project 
assesses and models phytosanitary datasets to 
satisfy trading partners.
A case study for WA apples is being evaluated to 
determine whether a systems approach could be 
used to help access new Asian markets. WA does 
not currently have market access to Japan, China 
and Taiwan, and access to Indonesia is subject to 
treatment of the apples.
To prove the absence of fruit flies or moths, the case 
study will use data from several years of in-field 
trapping for pests across apple-production areas 
as the first measure for a systems approach. The 
second measure will be the results from harvesting 
and testing for pests of thousands of apples from 
those orchards.
DPIRD is actively seeking to monitor the resistance 
profile in collaboration with other agencies in 
Australia. 
In the Americas, fall armyworm is known to be 
resistant to 29 active ingredients in insecticides 
found in six mode-of-action groups. It has also 
developed resistance to some of the Bacillus 
thuringiensis proteins produced by genetically 
modified crops. 
In WA, it is now well-established in the northern 
production areas and is causing problems, 
particularly in corn and other grass crops, for 
growers in Kununurra, Broome and Carnarvon. The 
wide host range and dispersal capabilities of fall 
armyworm mean that it can spread throughout the 
state and potentially damage other crops. 
Developing a national  
systems approach to access key 
Asian markets 
Verifying that horticultural products are free of 
pests like Mediterranean fruit fly through a systems 
approach could maintain market access and open 
up new markets for WA growers while reducing the 
need for end-point treatments.
Trading partners usually require an end-point 
treatment (such as cold disinfestation or fumigation) 
to be satisfied that imported products are free of 
pests of quarantine concern. But these end-point 
treatments can be costly or have environmental 
concerns; for example fumigation can leave 
residues and some of the older fumigants are 
ozone-depleting.
Male Mediterranean fruit fly.




a lid on 
stable flies 
Stable flies breed in the plant residues  
remaining after vegetable crops are harvested  
and can be a major pest for neighbouring livestock.  
DPIRD researchers have found that compacting the 
soil above buried residues controls emergence of 
new adult flies without the need for insecticides. Adult stable flies blood-feed several times a day on any 
nearby livestock causing distress and appetite loss.
Insect and Disease Management
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DPIRD ENTOMOLOGIST  Dr David Cook has 
developed a simple, chemical-free method to 
control the costly livestock pest stable fly, which in 
some years can reduce cattle growth rates by 25 
per cent and milk production by about 50 per cent.
Outbreaks of this declared pest can occur in 
horticulture areas after harvest because larvae of the 
fly thrive in rotting plant material. Up to 1000 stable 
flies can develop in a square metre of vegetable 
residues left on the soil surface. 
Adult stable flies are a pest of livestock operations, 
blood-feeding several times a day on any nearby 
livestock. Painful bites from the flies distress the 
animals, causing appetite loss and increased heat 
stress in summer when animals bunch together to 
avoid the flies. 
Vegetable operations in areas where there is also 
a high volume of livestock, such as the Swan 
Coastal Plain, are obliged under the Biosecurity and 
Agriculture Management (Stable Fly) Management 
Plan 2019 to manage stable fly numbers as part of 
their post-harvest activities.
While as few as 20 flies on one animal will begin to 
affect production gains, it is common to find several 
hundred stable flies per animal on livestock close to 
major vegetable producers who are not controlling  
this pest.
Stable flies will also attack humans and domestic pets.
More than 50 flies per cow can 
reduce weight gain by 25 per cent 
and milk production by about 50 
per cent. It is estimated that stable 
flies cost WA livestock industries 
up to $3 million in lost productivity 
in some years.
Stable fly infestation on a newly born calf.
As few as 20 stable flies on one animal will 
begin to affect production gains.
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David undertook a combination of laboratory 
and field trials over several properties and a 
variety of crop residues to assess ways to 
control stable fly.
He found that the most effective method 
was a simple two-step process. Seven 
days after harvest, crop residues are buried 
using a mouldboard plough, stone burier or 
a deep, slow rotary hoe. This is followed by 
compacting the soil using a fixed landroller.
Stable fly outbreaks that affect 
livestock producers and residents 
could cause local shires to consider 
limiting future expansion of 
horticulture operations. 
Example of crop residues left after harvest.
Stable fly eggs in carrot residues. Burying and 
compacting vegetable residues traps developing flies, 
reducing numbers by more than 95 per cent.
Stable fly larvae (maggots) in celery residues.
A newly emerged stable fly.
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In the week between harvest and burial, adult flies 
are attracted to the residues rather than going to 
other laying material. Their eggs are buried with the 
residues, removing stable flies from the population.
Stable fly larvae developing in the residue are 
trapped beneath the compacted soil, which prevents 
the adults from emerging to feed on livestock.
While compaction does not 
eliminate stable flies altogether, 
trials have shown that it can 
reduce stable fly numbers by more 
than 95 per cent – from  
1000 per square metre (if left 
totally untreated) to just 10 to 50 
flies per square metre.
Compacting the soil with a fixed landroller after 
burying vegetable crop residues.
This method retains all the organic matter from the 
residues in the soil, there is minimal soil tillage, less 
use of machinery, no need to use any pesticides, 
and the compact, moist sand is less prone to soil 
wind erosion.
Burying and compacting residues builds soil 
organic matter and reduces wind erosion.
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Native flies could help pollinate 
key horticultural crops that are 
currently dependent on honey 
bees. DPIRD researchers are 
testing the ability of two native 
fly species to pollinate avocados 
as part of a national project to 
address the risk to horticulture 







Native flies actively visiting and feeding 
on blueberry flowers.
DPIRD scientist Dr David Cook is 
examining the performance of native 
flies as pollinators, as a supplement 
to bees, in avocado orchards and 
blueberry crops.
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NATIVE FLIES MAY HAVE THE POTENTIAL to 
supplement honey bees as pollinators of key WA 
horticultural crops.
Crop pollination is an international issue due 
to pressures affecting the health of honey bee 
populations around the globe. 
Flies make ideal pollinators as they regularly visit 
flowers for nectar and pick up pollen on their hairy 
bodies. They operate at cooler temperatures than 
bees and are present all year round in most growing 
regions.
DPIRD research scientist Dr David Cook has tested 
two fly species as pollinators in blueberry glasshouse 
trials and in large enclosures around whole avocado 
trees. The western golden haired fly is endemic to 
south-west WA and the western blue-bodied fly is 
present across mainland Australia.
In Australia, pollination-dependent crops 
are worth nearly $6 billion per year.
Western golden haired fly.
A sarcophagid fly feeding on an open avocado flower.
Lesser brown or western blue-bodied fly.
Western golden haired fly adult on an avocado fruit.
Small hover flies are found in high 
numbers in the south-west of WA.
DPIRD is leading a national project to investigate fly 
species as pollinators of avocado, berries (blueberry, 
raspberry and strawberry), hybrid carrot seed crops, 
hybrid brassica seed crops, mango and lychee. 
DPIRD’s research component is examining the 
performance of native flies as pollinators in avocado 
orchards. Avocados are the highest-value tree 
fruit crop in WA and are worth nearly $200 million 
annually to the state’s horticultural sector.
282  DPIRD RESEARCH HIGHLIGHTS 2021
Horticulture and 
Irrigated Agriculture 
He found that while the western golden haired fly 
could pollinate blueberries successfully, the western 
blue-bodied fly produced even better results. In 
blueberries it increased total yield by 36 per cent 
and increased the average berry size by five per cent 
compared with the western golden haired fly. 
In avocados, David found that the western blue-
bodied fly visited avocado flowers around three 
times more often than the western golden haired fly. 
Avocado trees that were enclosed with the western 
blue-bodied fly produced nearly 50 per cent more 
fruitlets than trees enclosed with the western golden 
haired fly.
Insect and Disease Management
Inside the large fly-proof enclosure over Hass avocado 
trees at a field trial site in Busselton, WA.
Adult flies ready for release into one of the fly enclosures in a 
Pemberton avocado orchard for the native flies pollination trial.




Larger enclosures covering 21 avocado trees each 
tested the pollinating ability of the two species of fly. 
Pollination exclusively by native flies produced yields 
two-thirds of that achieved in open-pollinated trees 
that were visited by bees and other insects. This 
showed that the flies could be a viable pollinator 
alternative to bees.
David and his pollination team, research scientist 
Dr Sue Jaggar and technical officer Lachie Perry, 
monitored the avocado enclosures during the 
flowering period as well as trees outside in the 
orchard to record fly visitations and flower feeding. 
Future work will focus on ways to keep released flies 
within an orchard environment, such as protein lures.
Overhead view of the paired-tree, fly-proof 
enclosures first used in an avocado orchard to 
record pollination by flies.
Pairs of Hass and Ettinger avocado cultivars with fly-proof 
enclosures during flowering helped understand the pollination 
ability of two native blowfly species.
The project will also develop rearing techniques for 
mass production of the best pollinating fly species 
so that they can be developed and distributed 
commercially in the horticulture sector. X-ray 
radiation will be trialled to stop cultivated flies 
from reproducing and increasing the natural fly 
populations.
To identify other fly species with 
potential as pollinators, orchards 
at Gingin, north of Perth, were 
monitored during 2020 for insects 
that visit avocado flowers.
Flies make ideal pollinators as they regularly visit flowers 
for nectar and pick up pollen on their hairy bodies.
Insect and Disease Management
Tropical Food, Fibre and Fodder
Horticulture and 
Irrigated Agriculture 
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TROPICAL FOOD, 
FIBRE AND FODDER 
DPIRD’s tropical food, fibre and fodder team 
collaborates with national and international research 
and industry partners to expand, improve and better 
understand the productivity of Western Australia’s 
tropical irrigated crop production systems.
Dr David McNeil  
and Christopher Ham
TEAM LEADERS, TROPICAL FOOD,  
FIBRE AND FODDER
THE TEAM INVESTIGATES food, fibre and fodder 
crops that have potential for profitable production in 
the north of WA. 
DPIRD has developed strong working relationships 
with producers throughout the pastoral and 
horticultural industries and with the region’s 
traditional owners. These relationships are crucial 
networks that interact with DPIRD in many 
ways, ranging from regional development issues, 
development and assessment of private proposals, 
industry specific issues, to research and extension of 
crops and cropping systems.
Research to stimulate the development of cropping 
systems is underway for hemp, mango, psyllium, 
cotton and quinoa in the Ord River Irrigation Area. 
Specific research and development areas include:
• hydrology
• soils
• crop and economic modelling
• supply chains and market access
• policy
• irrigation.
Fodder production systems are 
being developed for pastoral 
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DPIRD is working with an Italian-based 
nutrition company to develop a new industry 
based on the functional food psyllium husk. 
The project is working across the supply 
chain from agronomic and plant breeding 
research through to product processing and 
market development. Psyllium is produced from the husk of Plantago ovata seeds (inset), 
a medicinal plant native to southern and western Asia.
GrainsTropical Food, Fibre and Fodder 
Horticulture and 
Irrigated Agriculture 
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A NEW INDUSTRY BASED on the highly valued 
dietary fibre psyllium husk is being developed in 
Kununurra in a project headed by DPIRD research 
scientist Dr David McNeil.
Psyllium is produced from the husk of Plantago 
ovata seeds, a medicinal plant native to southern 
and western Asia.
Used as a replacement for gluten in foods made 
for consumers with celiac disease, global demand 
for psyllium husk is on the rise. Global exports of 
the product were worth $330 million in 2018 and 
high-quality husk attracts strong prices of about 
$6.60 to $10.50 per kilogram.
Most of the world’s psyllium currently comes 
from India where production systems are 
disaggregated, low-yielding and deliver variable 
product quality.
DPIRD is working with the Italian-based nutrition 
company Dr Schär Pty Ltd to develop a reliable 
supply of psyllium from the Ord River Irrigation 
Area in the Kimberley, an area with proven 
capacity for production of plantago.
Working across the entire value chain from 
paddock to plate, the research team is developing 
agronomy packages for plantago and assessing 
the processing, marketing and logistics 
components of the new industry.
A new industry based on the highly valued dietary fibre psyllium husk is being 
developed in Kununurra. Pictured are the project team Silvano Ciani, Dr Siva Sivapalan, 
Dr David McNeil and Ombretta Polenghi in a trial plantago (psyllium) crop.
Seed quality and husk yield trials 
indicate that Kununurra-grown 
plantago is as good as, or better 
quality than, competing husk sources.
David McNeil checking breeding selections.Commercially dehusked seed.
Tropical Food, Fibre and Fodder
Horticulture and 
Irrigated Agriculture 
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Processing 
Dr Schär has completed an economics and logistics 
plan based on processing the crop in Kununurra 
and negotiations to construct a processing plant 
are underway. Depending on the final scale of 
production, five to 10 direct full-time jobs could be 
created.
Dr Schär has also developed an improved 
processing system that increases the yield of 
premium quality husk, which will increase the 
competitive advantage of the industry. The local 
processing development has been based initially on 
a small industry of about $10 million turnover per 
year, although expansion will be possible.
The psyllium husk produced will be intended for 
export with an ultimate production goal of  
10 000 hectares or 20 000 tonnes of seed 
producing 5000 tonnes of husk.
Agronomy
David is working with research scientist Dr Siva 
Sivapalan at the Frank Wise Tropical Agricultural 
Research Institute to develop agronomic guidelines 
for growing plantago in Kununurra. DPIRD senior 
research scientist Dr Helen Spafford is assisting with 
the development of an integrated pest management 
system.
Three years of trials to evaluate 14 existing plantago 
lines from India concluded in 2020 and seed of 
the most promising lines will be sown in semi-
commercial plantings in 2021.
DPIRD, Dr Schär and the University of Adelaide 
are collaborating to breed new lines of plantago 
and screen seed and husk quality. Dr Schär will 
evaluate samples for processing through commercial 
equipment.
Germination testing. Newly germinated plantago crop.
Harvesting trial plots of plantago (psyllium).  
The DPIRD trials have evaluated 14 plantago 
lines from India. The most promising seed will be 
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Oasis Farms semi-commercial crop field day 2020.
Hand threshing plantago samples.
Horticulture and 
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DPIRD is helping cattle producers in the 
West Kimberley and Pilbara take advantage 
of irrigation opportunities for fodder 
production.
GrainsTropical Food, Fibre and Fodder 
Horticulture and 
Irrigated Agriculture 
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A NEW DPIRD RESEARCH SITE  in northern 
Western Australia is helping pastoral irrigators in the 
West Kimberley and Pilbara regions produce better 
quality cattle feed.
DPIRD has developed the Skuthorpe site near 
Broome to investigate irrigated farming systems and 
lift productivity of pastoral land and the northern 
cattle herd. 
Northern producers graze their cattle on extensive 
areas of native grasses. However, the highly variable 
rainfall means good quality native grass is only 
available for between three and five months of the 
year during the wet season. This creates challenges 
for both grazing management and preparation of 
cattle for sale.
Because cattle can only be sold during the dry 
season when mustering is possible, there is a high 
degree of variance in the quality, weight and age, 
which in turn limits market options and on-farm 
profitability. 
Cattle production systems in the Kimberley and 
Pilbara regions remain focused on the export trade 
to Israel, the United Arab Emirates and South-
East Asia, with key markets being Vietnam and 
Indonesia.These markets have strict specifications. 
If cattle are not within the specifications, they are 
either sold to lower value markets or turned back 
out to pasture. 
The northern pastoral industry contributes more than $300 million 
each year to the state’s gross value of agricultural product and 
represents almost half of the Western Australian beef herd.
Baling forage sorghum grown using irrigation to 
lift productivity of northern WA pastoral land.
DPIRD researchers are identifying the strengths 
and weaknesses of perennial grass species most 
suited to the semi-arid tropics of WA.
Northern WA cattle grazing irrigated pastures, 
which have been established to even out the 
annual feed supply.
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Pastoralists with access to irrigation can use 
irrigated fodder to increase productivity by 
improving the quantity and quality of fodder 
available to cattle. This would improve preparation 
of sale cattle to better meet market specifications.
Pastoral-based irrigated farming systems can 
reliably grow fodder for 12 months of the year using 
introduced pasture species irrigated by centre pivot 
irrigation systems. Small areas of irrigated pasture 
integrated within areas of extensive grazing is 
termed mosaic agriculture.
Since 2000 there has been increased investment 
in irrigation on pastoral lands to produce fodder for 
cattle destined for domestic and export markets. In 
2020 more than 4000 hectares was under irrigation 
across the Pilbara and West Kimberley. Irrigation 
developments require significant investment and an 
understanding of irrigated farming systems.
In response to producer interest in mosaic 
agriculture, DPIRD has previously undertaken 
research to assess the potential for irrigated 
fodder production. The Mosaic Agriculture project 
found that quality irrigated fodder could potentially 
increase daily weight gains of cattle by 50 per cent 
compared to good quality native grass. 
[see Irrigation delivers year-round cattle feed, 
Livestock section]
DPIRD research is investigating irrigated farming 
systems to lift the productivity of pastoral land 
and the northern cattle herd.
Kimberley cattle producers and agribusiness 
staff participate in a pastures field walk at a 
DPIRD fodder variety trial near Broome.
Pastoralists with access to irrigation 
can use irrigated fodder to increase 
productivity by improving the quantity 
and quality of fodder available to cattle.
Tropical Food, Fibre and Fodder
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The Skuthorpe research site is a partnership 
between DPIRD’s Tropical Food, Fibre and Fodder 
team and Skuthorpe property owner Graeme 
Rogers. Senior development officer Chris Ham led 
the development and management of the five-
hectare site, overseeing installation of an 88-metre 
centre pivot irrigator to irrigate almost 80 per cent of 
the site (3.8 hectares) using water from the Broome 
Sandstone aquifer.
The site will host the Pastoral Agriculture project 
– a research project involving both the Tropical 
Food, Fibre and Fodder team and the Livestock 
Directorate – to research northern fodder crops for 
DPIRD’s Northern Beef Development Program. 
[see More northern beef through land, labour 
and livestock efficiencies, Livestock section]
The project will benchmark current knowledge of 
pastoral-based irrigated farming systems, focusing 
on variety choice, fertiliser management and 
irrigation monitoring and scheduling.
DPIRD researchers Geoff Moore and Samuel 
Crouch are leading the first two research trials of the 
Pastoral Agriculture project.
The first trial is quantifying the characteristics, 
strengths and weaknesses of perennial grass 
species most suited to the semi-arid tropics of 
WA and their suitability for fodder production 
systems under a controlled environment. Northern 
pastoralists with access to irrigation will use the data 
to choose the right species of grass to suit their 
production system and location. The second trial is refining profitable fodder production 
systems for perennial and annual fodder species 
grown under the unique constraints of the north-west 
regions. The trial will focus on annual rotations of silage 
and legume hay crops to create a feedlot-quality ration. 
This will increase competitiveness of production and 
provide evidence-based information for pastoralists 
who are interested in more intensive feeding systems 
such as feed yards or feedlots.
To ensure that irrigation research is in line with 
industry needs, DPIRD has involved the Kimberley 
Pilbara Cattlemen’s Association (KPCA) and key 
industry stakeholders in early planning phases.
DPIRD and KPCA produced the KPCA Irrigated 
Fodder and Grazing Animals Production Systems 
Analysis for the Northern Beef Industry booklet. It 
summarised agricultural developments on pastoral 
leases, indicated some key opportunities and provided 
information and management tips on key research 
issues identified through industry consultation.
Pastoral-based irrigated farming systems can 
reliably grow fodder for 12 months of the year 
using introduced pasture species irrigated by 
centre pivot irrigation systems.
Sorghum cut and wilting prior to baling 
at the Skulthorpe site.
Senior development officer Chris Ham downloads 
soil moisture data from an automatic soil water 
probe at Wallal Station.
Farming Systems
294  DPIRD RESEARCH UPDATE 2021
Farming 
Systems











296  DPIRD RESEARCH UPDATE 2021
Farming Systems
Overview
The history of Western Australian farming is 
characterised by change, with each significant 
rise in productivity preceded by farming 
system innovation. 
DPIRD’S NEW FARMING SYSTEMS Directorate was 
established to help identify and assess the scientific, technical 
and social innovations that will underpin the continued 
productivity and sustainability of WA farm businesses in the 
face of climate change, changing consumer preferences and 
more competitive markets.
Broadacre grain and livestock farms across south-west 
WA generate about 70 per cent of the state’s agricultural 
production, which is valued at $6 billion per annum at the 
farm gate and about $11.5 billion over the entire value chain.  
Farm businesses in WA are changing – with a shift towards 
larger farms and increased total production per farm. As a 
result, one-third of grain farmers now manage two-thirds of 
the state’s cropping land and produce two-thirds of its total 
annual product.
Dr David Ferris
DIRECTOR, FARMING SYSTEMS INNOVATION  
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  5725
Number of agricultural holdings
(ABS by Shire)
    4200
Number of grain growers 
       3649
Number of sheep producers 
29% of producers have 62% of sheep numbers
11 968 000
Head of sheep 
7.0-8.0m ha




37% of state herd
        2419
Number of cattle producers 
15% of producers have 65% of cattle numbers











Superphosphate, chemical weed control, plant 
and animal breeding, legume rotations, minimum 
tillage, controlled traffic, larger farms and improved 
efficiencies have all contributed yield and quality 
advances on WA farms over the past 100 years.
Source: Adapted from Ryan, W., Ewing, M. and Roberts, P. Farming Systems Research 
and Development in Western Australia (March 2020)
Farming Systems
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FIGURE 25.  Value of research and development to gross value of Australian agriculture 1953–2006

















































Real gross value of production without
research and development
Real gross value of production
with research and development
WA farmers operate in the face of inherent 
challenges. Rainfall is relatively low and becoming 
lower due to climate change, and the state’s 
soils are highly weathered and infertile. Local 
markets absorb a relatively small proportion of the 
state’s grain and livestock products, and farmers 
must compete globally for international markets. 
Government subsidies for WA farmers are amongst 
the lowest in the world. 
Yet, despite these obstacles, a vibrant and 
profitable agricultural industry has evolved, based 
on the export of bulk commodities, and farming 
systems that continue to evolve using innovation to 
meet challenges and opportunities.
Scientific and technological advancements have 
underpinned the capacity of WA farmers to keep 
pace with a long-term decline in terms of trade. 
Improved varieties, nutrition, weed control, disease 
management and logistics have enabled growers 
to maintain productivity growth and adapt their 
farming systems to achieve more precise and 
earlier sowing, improved water and nutrient-use 
efficiencies and higher crop yields.
Research and innovation are vital to the the ongoing 
success of WA farming systems. History shows 
that 75 per cent of WA’s agricultural productivity 
generated today is due to the R&D investments 
made over the past 40 years (Figure 25).
“Ongoing farming system innovation is vital to the long-term profitability of WA farm businesses in the face of climate change, changing consumer preferences 
and more competitive markets.   
DR DAVID FERRIS
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Many forces will influence WA’s 
farming systems over the next 
decade including:
• climate change and carbon farming
• agriculture automation and digital 
technologies
• changing consumer preferences and  
social licence
• growing middle class in Asia and increased 
demand for grain and red meat
• increasing grain production and market 
competition from the Black Sea region.
I believe farming system innovation, like never 
before, will be needed to address these challenges 
and opportunities to further boost the productivity 
and competitiveness of primary industries and 
deliver sustainable economic and regional 
development. Our approach will be to work with 
industry, innovative growers and researchers from a 
wide range of disciplines to conceptualise, develop 
and evaluate transformative farming systems for the 
future.  
By their nature, farming systems are complex and 
each one is unique.
Management choices made in a given year will have 
implications for the profitability and performance 
of crop and livestock enterprises in subsequent 
years. And every farming system must operate with 
uncertainty about the amount and timing of rainfall, 
commodity prices, input costs, labour availability 
and market expectations.   
DPIRD’s new Farming Systems Innovation 
Directorate was established in 2019 to identify and 
prioritise research and development activities that 
will underpin the evolution of WA farming systems. 
The Directorate has 50 research, development, 
technical and administrative staff located at eight 
regional offices and in Perth. It has three focus 
areas:
1. Regional intelligence and adoption: gather, 
analyse and disseminate seasonal and local 
information, and develop strategic partnerships 
to facilitate extension and adoption of new 
technologies
2. Systems and bio-economic modelling: 
develop models and tools that inform farm 
decisions in real time and simulate trial results 
across a wider range of soil types and seasonal 
conditions 
3. Dryland farming systems: multi-disciplinary 
and long-term research to evaluate and 
communicate the performance of current and 
transformative farming systems at local levels.
The Farming Systems team has expertise in 
systems modelling, climate and weather science, 
regional intelligence and analysis, applied crop and 
pasture systems research, crop and pasture legume 
science, digital data and information flows, and farm 
business-risk analysis to evaluate the performance 
of farming systems over time.  
Key initiatives of the Farming 
Systems Directorate include:
• establishment of the Future Farming 
Systems learning hub at Merredin in 
2020 to evaluate (over the next 10 years) 
the viability of regenerative and ag-tech 
systems 
• increasing the effectiveness of nitrogen 
fixation in legume species and evaluating 
the capacity of new grainbelt pasture 
and grain legumes to increase business 
wealth and sustainability 
• capacity building of early career research 
scientists based in the regions 
• management of DPIRD’s network of  
210 automatic weather stations 
throughout WA to provide timely, relevant 
and local weather data to assist growers 
and regional communities to make  
more-informed decisions.
Our overall objective is to provide farmers with 
evidence-based data in a whole-of-system context, 
so they can make informed decisions about 
adopting more profitable and sustainable farming 
systems and practices.
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Continued evolution of WA dryland farming systems 
requires research resources to be focused on issues 
of the highest priority and on those that will deliver 
the greatest and most sustainable benefits. 
To achieve this, a shared strategic vision is needed 
across the industry.
DPIRD’s regional intelligence and adoption team 
worked closely with agricultural consultants Peter 
Roberts, Dr William Ryan and Dr Michael Ewing 
to undertake a situational analysis of the current 
production and farm business environment in 
the Albany, Esperance, Geraldton and Kwinana 
port zones of WA, and develop a framework to 
prioritise future dryland farming systems R&D in WA. 
Potential investment areas were also identified.
About 100 individuals from 25 organisations spanning 
the breadth of WA’s cropping and livestock industries 
were consulted as part of the situational analysis. 
Areas of potential investment identified through the 
consultation approach:
• lifting wheat protein levels profitably to improve 
market access
• lifting the profitability and adoption of crop 
legumes to encourage system diversification 
and sustainability 
• lifting canola yields for WA conditions 
• lifting the potential of grainbelt pasture systems 
to meet livestock and cropping demands
• addressing gaps in the grainbelt feedbase to 
better match wool and meat requirements
• delivering more accurate climate predictions to 
support farm management decisions
• injecting greater diversity into wheat-dominant 
farming systems 
• determining the circumstances under which 
carbon farming could be profitable in the WA 
grainbelt
• investigating the potential of regenerative 
agriculture systems to deliver sustainable and 
profitable benefits
• translating big data into more profitable farm 
decisions. 
Further consultation and strategic analysis of 
these investment areas will be undertaken to 
determine if they can become part of a shared 
strategic vision for farming systems R&D in WA.
The goal is to use a mix of discipline-based 
and farming systems research to unravel 
the complexities of each issue and ensure 
the solutions fit within the mix of enterprises 
common across WA’s broadacre farming 
businesses. The Farming Systems Innovation 
Directorate will build multi-disciplinary and 
cross-organisational teams to tackle proposed 
research investments and to undertake regional 
analysis to gain a clear understanding of the 
production and business issues facing WA’s 
dryland farming systems.
What does the future hold for WA farming systems?
Farming Systems  
Research and Development 
in Western Australia
Current situation and a  





Currently 5725 agricultural producers 
manage 17.5 million hectares of cleared 
land across the WA grainbelt of which 
about eight million hectares are cropped 
annually and about 9.5 million hectares 
used for grazing or fallow.
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Purpose: innovative farming systems that address challenges and capture 
opportunities for sustainability, profitability and growth.
Regional analysis of seasonal, 
technological, social and market forces 
affecting WA farming businesses to 
develop policy and guide research, 
development and adoption.
Research, development and extension  
to help farming systems respond to 
climate change and market forces, and 
adopt new innovations.
Develop and extend  
decision-support tools, and insights  
from climate and whole-farm modelling,  
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Science of regenerative agriculture 
explored in 10-year trial
A 40-hectare ‘learning hub’ has been 
established at DPIRD’s Dryland Research 
Institute at Merredin to investigate the 
suitability of a range of farming systems 
for the eastern grainbelt.
THE LEARNING HUB will be managed by a multi-disciplinary research 
team and a reference group of regenerative farmers, consultants, scientists 
and a representative from RegenWA.
Farmers in the eastern grainbelt are seeking to adapt to an array of 
challenges – including climate change, rising input costs, declining protein 
level in cereals, herbicide resistance, soil acidification and growing consumer 
demand for verification about how their food has been produced.  
A major focus of the learning hub will be a thorough examination of the 
science and economics of two ‘regenerative agriculture’ farming systems in 
comparison to current district practices and benchmark controls.
Regenerative agriculture is a growing movement globally that operates on a 
very broad set of principles which aim to increase soil carbon sequestration 
and harness soil biology to drive natural nutrient cycles for crop and 
pasture production. Little to no synthetic chemicals or fertilisers are used in 
regenerative agriculture systems, making their products potentially attractive 
to niche markets. 
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The science and economics of regenerative agriculture will be 
investigated over the next decade at a dedicated 40-hectare trial 
site at DPIRD’s Dryland Research Institute. The trial will examine 
the suitability of a range of farming systems for the eastern 
grainbelt while facilitating farming system discussions between 
growers, researchers and the broader industry. Pictured is 
WA Agriculture Minister Alannah MacTiernan (third from right) 
who launched the farming systems trial in July 2020 alongside 
DPIRD researchers and Hon Darren West MLC (far right).
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Transitioning to a regenerative agriculture system 
often requires a shift from a high input, low diversity 
farming system to one with lower inputs and 
greater crop–livestock diversity. Limited analysis of 
regenerative systems indicates they generally yield 
less than conventional broadacre cropping systems. 
However, reduced input costs and premium prices 
for regenerative produce can compensate for a fall 
in yield. Little is known about the soil biology and soil 
carbon effects of a regenerative agriculture approach 
in WA and research is needed to quantify the benefits 
of the system across a range of environments, soil 
types and enterprises. 
The 40-hectare site at Merredin will deliver a 
long-term analysis of the science and economics 
of regenerative agriculture compared to more 
conventional crop and livestock farming methods 
(see Figure 26 and Table 6).
The goal of the trials, which will 
run for ten years, is to monitor the 
economics and soil biology of a 
range of farming systems while 
facilitating a valuable and much 
needed discussion about how to 
tackle the challenges faced by 
farmers in the eastern grainbelt.
Regenerative agriculture 
principles 
1. Keep the soil covered.
2. Minimise soil disturbance.
3. Keep living plants and roots in the soil 
for as much of the year as practical.
4. Encourage diversity (plants, animals 
and soil microbiota).
5. Animal integration.
6. Reduce or eliminate use of synthetic 
compounds.
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788/20/02
Future farming systems for the eastern grainbelt
This focus site is a WA Government initiative – established 2020
Soil type: 
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The aim of this trial is to compare the long-term productivity, profitability and sustainability of 




a. Mixed crop and livestock
b. Diverse crop
Transformative










Organic carbon % 1.1
pH 4.7
Trial site: 5.4 ha    Replicates: 4
Plot sizes: 22m wide x 70m long
FIGURE 26.  Layout of the Future Farming Systems trials for the eastern grainbelt. See Table 6 for details on the management 
strategies and treatments used in the trials, which will run for a decade at DPIRD’s Dryland Research Institute at Merredin.
“We expect there will be different pathways to future-proofing profitable and sustainable farming systems in the eastern 
grainbelt, based on a deeper 
understanding of soil health 
principles and advanced crop 
and livestock management skills. 
CAROLINE PEEK,  
DPIRD SENIOR RESEARCH SCIENTIST 
t re farming systems for the eastern grainbelt
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Table 6. Management and treatment details for the Merredin farming systems trial   
Management strategy Treatment Description
Regenerative: lower input costs + 
stimulate soil biology by increasing 
diversity and using biostimulants.
Mixed crop + livestock This represents a traditional regenerative agriculture approach: mix of 
annual crop and pasture species, cover crops and/or perennials with 
as much plant cover year-round as possible coupled with rotational 
and cell grazing.
Diverse crops Many eastern grainbelt growers have no livestock infrastructure so 
the use of diverse crops represents a more realistic transition to a 
regenerative agriculture approach for this region. Crops will be a mix 
of winter annuals and summer cover crops to provide as much plant 
cover year-round as possible.
Transformative: increase production 
capacity through soil re-engineering + 
targeted inputs based on real-time soil 
moisture and plant health monitoring.
Mixed crop + livestock Focused on biomass production. Summer and winter crops  
grown for grazing and grain or conserved as hay or silage for sale in 
high-value feed markets or to finish high-value stock on-farm. 
Diverse crops Cereals + legume/oilseed crops grown to harvest for grain production.
Benchmark controls: designed to 
generate a range of soil organic carbon 
levels from high to low, to determine 
what is possible in this environment.
District practice Cereals + legumes/oilseeds + possibly fallow/pasture phases as 
directed by reference group. 
Continuous cereal Cereals only with no break crops. Designed to push the system and 
potentially drive down soil carbon.
Continuous pasture Mix of annuals and perennials. Designed to maximise possible  
build-up of soil carbon for this soil type and rainfall zone.
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DPIRD has completed an economic literature 
review of Australian regenerative agricultural 
systems and has commenced work on a scientific 
review of available regenerative agriculture 
research. Based on very few published studies, 
the economic review indicates regenerative 
agriculture can be profitable, but the loss 
of income associated with transition from 
conventional farming to a regenerative system can 
be a significant barrier to adoption. 
Baseline information has been collected across 
the trial site to determine its current soil nutrient 
and biology status. Wheat was sown across 
the whole site in May 2020 to evaluate paddock 
performance and uniformity. The site will now be 
divided into seven management treatments and 
replicated four times (see Figure 26). 
The long-term research trial will generate 
information about the performance of regenerative 
systems in the eastern grainbelt while also 
highlighting how current systems can be 
adjusted for better performance. The goal is to 
provide growers in the eastern grainbelt with a 
mix of viable options to improve the efficiency, 
sustainability and profitability of their farming 
operations into the future.
Detailed monitoring over the next 
decade will capture the effect of 
the management treatments on soil 
organic carbon, microbial activity, 
soil water and nutrient availability 
along with crop and livestock yields 
and system economics.
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breathe new life 
into dryland farming 
systems
The search for alternative pasture legumes and 
the expansion of the pulse industry is seeing 
legumes increasingly sown on soils that are 
challenging to plant establishment and growth.  
In some areas, agricultural legumes are either 
being grown for the first time or after a long 
absence and are likely to benefit from inoculation 
with nitrogen-fixing bacteria known as rhizobia.
Farming Systems
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Nodules containing bacteria called rhizobia, which live 
symbiotically inside the roots of legumes where they extract 
nitrogen from the air in a process known as nitrogen fixation. It 
is estimated that the bacteria deliver about $4 billion worth of 
nitrogen fertiliser to Australian farming systems each year.
RHIZOBIA ARE BACTERIA that live symbiotically inside the roots of 
legumes (lupins, peas, beans, chickpeas, clovers, serradellas) where they 
extract nitrogen gas from the air in a process called nitrogen fixation and 
turn it into a form of nitrogen that legumes use to grow.
Many consider the legume–rhizobia symbiosis second only to 
photosynthesis as the most important biological process on earth.
About 100 species of legumes are grown across Australia. These can 
be divided into grain legumes such as lupins, faba beans, field peas, 
lentils and chickpeas; and pastures such as clovers, lucerne, medics and 
serradellas. 
Each legume requires a unique type of rhizobium to form a symbiosis. 
Inoculating legume seed with the correct rhizobium before sowing is a 
critical process in legume production.
Genetic diversity
Researchers at the Centre for Rhizobium Studies (CRS), of which DPIRD 
is a partner, are collating a genebank of rhizobia collected from across the 
world to use as a genetic resource to develop superior strains of rhizobia. 
The work will ensure that Australian legumes can be matched with robust 
rhizobia suited to the nation’s soil and climate constraints. 
The new International Legume Inoculant Genebank (ILIG) is based at 
Murdoch University in WA and will be managed by researchers at the CRS. 
The rhizobia are effectively fertiliser factories and it is 
estimated that they deliver $4 billion worth of nitrogen 
fertiliser to Australian farming systems each year.
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With some 20 scientists and research students who 
study rhizobia and legumes, the CRS is the largest 
group of its kind in Australia and one of the largest 
focused on rhizobia for agricultural legumes in the 
world. 
The CRS has started amalgamating strains of 
rhizobia acquired from collections in Australia and 
across the world into the ILIG. 
Rhizobial strains with enhanced nitrogen fixation 
capacity are currently being developed and tested to 
overcome soil constraints such as low pH. Pictured is 
a scientist examining a field pea crop inoculated with 
acid tolerant rhizobia at Gibson, north of Esperance.
INSET: A selection of freeze-dried rhizobia from the 
ILIG collection.
The collection currently comprises 16 500 
strains of rhizobia, representing more than 
100 species of rhizobia collected from 530 
species of legumes in about 60 countries.
Collection of these strains began in the 1950s. 
Many strains are irreplaceable because some 
may no longer exist in nature and present-day 
restrictions and political instability limit collection and 
importation of biological materials. 
Elite strains of rhizobia will be selected and optimally 
matched with a host legume to fix high levels of 
nitrogen for growers.
The Australian National Rhizobium Steering 
Committee (NRSC) brings together leading 
rhizobium specialists from across Australia and 
will work with the inoculant industry to implement 
protocols that maintain the quality of inoculum 
strains available to growers and to recommend the 
adoption of new inoculum strains based on the ILIG 
gene bank research.
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Better bacteria to boost  
pulse yields
Soil constraints such as acidity, particularly when 
combined with practices such as dry sowing or 
the application of pesticides and herbicides, can 
profoundly affect the success of inoculation and 
subsequent performance of the pulse crop.
Rhizobial strains with enhanced nitrogen fixation 
capacity are currently being developed to overcome 
constraints such as low pH.
Current recommendations suggest lentil and faba 
bean should be inoculated with a specific type of 
rhizobia known as Group F while field pea and vetch 
should be inoculated with Group E. However, the 
current Group E is difficult to manufacture and, as 
a result, field pea and vetch are usually inoculated 
with Group F inoculant. Group F has exhibited a 
reduced capacity to nodulate plants at low pH 
(acid), perhaps because it was isolated from a site in 
Greece containing an alkaline soil.
Research is currently being completed on potential 
replacements for Group F (and Group E) that 
optimally fix nitrogen in high, neutral and low soil pH 
and across a host range of lentil, faba bean, field 
pea and vetch.  
Four elite rhizobium strains, two from Murdoch 
University (originating from Greece and Italy) and 
two from the South Australian Research and 
Development Institute (originating from Australia), 
have been compared throughout WA as part of a 
wider national evaluation program. Data from the 
Researchers at the CRS are working in the 
Dryland Legume Pasture Systems project 
to develop improved pasture cultivars and 
quantify their benefits when grown in rotation 
with crops. Many of the legumes are suited to 
summer sowing using on-farm harvested seed 
to economically establish vigorous pastures. 
The project has six small-scale rotation trials 
across the WA grainbelt and will quantify 
how much of the biologically fixed nitrogen 
generated in the legume phase is transferred 
to the following cereal crop. The research will 
also determine the influence of the pasture 
phase on soil water, weeds, pests and 
diseases in the cropping phase.
Quantifying 
nitrogen value
Researchers are investigating how much biologically 
fixed nitrogen (generated by the legume phase) is 
transferred to following cereal crops. Pictured is a 
relatively new pasture legume, Trigonella balansae, 
an upright highly palatable annual species with 
masses of yellow flowers. Seeds are borne aerially 
making seed harvesting easy and providing growers 
with access to large supplies of cheap seed from 
their own pasture stands.
trials will be compiled and results presented to the 
Australian NRSC. If members are in agreeance 
with a strain replacement, the strain will be sent to 
commercial inoculant companies via the Australian 
Inoculant Research Group (AIRG) at the New South 
Wales Department of Primary Industries.





Senior DPIRD research scientists Mark Seymour (left) and Jeremy Lemon (centre) inspect 
a faba bean crop with project participant and early-career agronomist Carla Milazzo (right). 
Faba beans are showing considerable promise as an alternative break crop to canola to 
diversify farming systems in medium to high rainfall areas. The regional agronomy team has 
compiled a booklet incorporating grower experiences and new research about faba bean 
production. Information was collected from 15 faba bean paddocks and research projects 
along the south coast stretching from Kojonup to east of Condingup, WA. 
Farming Systems
Successful farming 
systems are underpinned 
by people and it is critical 
that the cropping industry 
attracts and encourages 
agronomists who are 
skilled in research and 
development.
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WITH THE GOAL of boosting regional capacity in 
research agronomy, DPIRD, with investment from 
the Grains Research and Development Corporation 
(GRDC), mentored 19 early-career scientists 
to develop skills in grains and farming systems 
research, development and extension. The program 
enabled participants to transition to new roles 
across the grains industry and into farming systems 
R&D.
Based in Albany, Esperance, Merredin, Northam and 
Geraldton, the team worked across five Western 
Australian port zones and focused on an array 
of locally identified issues of priority to the grains 
industry and farming systems. 
Each participant was within the first five years of 
their career after completing their undergraduate 
or postgraduate qualifications. Through training, 
mentoring and taking on the responsibility for 
delivering a program of R&D adoption activities, the 
agronomists developed their R&D capability, skill 
base and confidence.
Courses were delivered in communication and 
extension skills along with statistical trial design, 
basic trial set up, soil testing and characterisation, 
crop growth stage assessment, frost damage and 
weed, pest and disease identification. The courses 
were developed to enable participants to apply their 
learnings within their daily work while building their 
confidence and knowledge base.
A team of mentors from DPIRD worked with the 
participants. Project mentor and research scientist 
Jeremy Lemon from the Albany DPIRD office said 
there had been three major highlights from the project: 
• watching the team acquire confidence and  
new skills in writing, presenting and conducting 
field research
• the high standing that the team developed within 
the agricultural industry, including the GRDC, 
growers, industry groups and DPIRD staff
• the team’s development of industry networks 
and understanding of industry issues in a farming 
systems context.
Industry consultation via the project 
identified four necessary areas of agronomic 
R&D competency:  
1. The ability to think and analyse: 
understand an issue, identify potential 
solutions and problem solve
2. The ability to inquire and investigate: 
test ideas using scientifically valid 
research principles 
3. The ability to engage and listen: 
collaborate and connect with broad 
networks 
4. The ability to communicate: identify 
and communicate timely messages at a 
regional and local level.
“These achievements sit above tangible outputs and are the lasting legacy of the project as participants move into the wider agricultural industry.   
JEREMY LEMON, DPIRD RESEARCH SCIENTIST
Training was delivered through workshops, 
courses, study tours, conferences, field days, 
industry events, and through mentorship from 
experienced senior researchers in the grains 
industry. All learning was done within a farming 
systems framework so that participants could 
develop an appreciation of the interactions that 
occur within and between enterprises on-farm.
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The art of building networks
The team identified issues to work on by talking 
with growers, agribusiness and others involved 
in regional research, development and extension, 
and the Western Region GRDC Grower Networks. 
This enabled participants to develop an awareness 
of current and recently completed research in WA 
and nationally. Sometimes the team connected 
researchers to the local issue – while at other times 
they established and undertook field-based activities 
to address the local nuances of an issue.
The opportunity to build such broad networks 
significantly increased the team’s understanding of 
how single farming issues fit within the entire farming 
system. The networking also enabled participants 
to gather essential industry intelligence and develop 
communication skills.
Addressing local R&D issues
Team members identified local priority issues 
by working with local growers, grower groups, 
agribusiness and researchers.  
Some of the resultant activities were:
• crop protection trials on root diseases, crown 
rot, nematodes, sclerotinia, net blotch and snails 
• surveillance for weeds, insects and diseases 
• management of emerging problem weeds, such 
as matricaria 
• monitoring the effect of integrated weed 
management on ryegrass populations 
• reviewing and testing a suite of decision-support 
tools for crop protection
• conducting trials and activities to investigate the 
benefits of including legumes in crop rotations 
• assessing the benefits of soil amelioration 
practices on soil productivity issues in small plot 
trials and on-farm demonstrations. 
Sarah Belli and Carla Milazzo hosting a DPIRD display at the Albany Show at which 
DPIRD’s decision-support apps, including iLime, were promoted. iLime estimates the 
productivity and economic benefits of applying lime in broadacre cropping systems.
Project participants Sarah Belli, Joel Johnstone 
and Grace Williams checking frost symptoms  
in a DPIRD trial at Dale, WA.
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The team developed, delivered and/or facilitated more than 1000 local 
R&D adoption activities while tackling the different issues they had 
identified and prioritised. Over the five-year project, participants carried 
out trials and demonstrations, ran workshops, surveyed growers and 
industry, wrote articles and posted research outcomes on social media. 
Pest and disease surveillance: 
With the team of agronomists 
dispersed across the regions, 
capacity to undertake pest 
and disease surveillance was 
significantly increased. The team 
made more than 500 reports 
about pests and diseases 
over the course of the project, 
including collection of samples 
for resistance testing and area 
freedom surveillance for exotic 
pests and diseases. 
Weed management: The agronomy 
team investigated harvest weed seed 
management in the Geraldton and 
Albany port zones where trials were 
established to assess the efficacy of 
control methods.
LEFT: Early-career agronomist 
Joel Johnstone sweeps canola for 
insect pests.
ABOVE: Participant agronomist Bonnie Jupp 
inspects weed seeds in chaff lines following 
harvest at Yuna in the northern grainbelt of 
Western Australia.
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Secret life of snails: The regional agronomy 
project carried out snail monitoring using 
time-lapse cameras to correlate snail activity 
and lifecycles to local weather conditions. 
The research added value to projects being 
carried out by DPIRD research scientist 
Svetlana Micic, Stirlings to Coast Farmers and 
SEPWA. The agronomy team’s participation 
increased the number of monitoring sites to 
five, which were monitored over two years 
and resulted in improved timing and efficacy 
of bait application. The data were also used 
to investigate the behaviour of other pests, in 
particular slaters and vegetable beetles.
Underground menace: The agronomy team carried 
out an extensive root disease survey across the 
eastern grainbelt in the Kwinana East port zone. 
More than 130 soil samples from 128 paddocks 
ABOVE: Andrea Carmody from the grower 
group SEPWA and project participant King Yin 
Lui inspect a camera monitoring for snails 
near Esperance.
ABOVE: Project participant Bec Swift (right) presents results from a trial investigating the influence of 
different legume species on the incidence of root diseases and nematodes in following cereal crops.
were sent for analysis, with root diseases 
found in up to 80 per cent of samples. 
The results were used to generate maps 
identifying areas at high risk of root disease.
“The project provided me with the opportunity to conduct applied research and extension activities at 
a local level. I have a much 
broader knowledge of farming 
systems and decision-making 
on-farm.   
KING YIN LUI
“During my time in the project I gained an understanding of farming systems as a whole, and the day-to-day, season-to-season issues and constraints that WA 
growers face. This has made me a more 
rounded agricultural scientist and has led 
to more opportunities within the industry 
than were open to me previously.   
BEC SWIFT
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Digging holes: Project participants investigated 
the management of soil constraints such as 
acidity, compaction and non-wetting across the 
grainbelt while also testing DPIRD-developed 
decision-support tools aimed at prioritising soil 
constraint action and assessing the potential 
benefit of liming on soil pH. In the Kwinana East 
port zone, the team investigated the value of 
using on-farm lime sources through a series of 
small plot trials, large-scale demonstrations, 
field days, decision-support tools and 
workshops. Many positive interactions and 
connections were developed with farmers 
and grower groups. Results from the trials 
and feedback from the workshops were 
incorporated into DPIRD’s iLime app.
Is there grain in there?:  
On average, every second 
year frosts are significant 
enough to wipe out tens of 
millions of dollars worth of 
Western Australian crops. 
Trial site visits and working 
alongside experienced 
researchers was an important 
part of the training program 
– enabling early career 
participants to develop 
research networks and a wide 
base of skills.
Early-career scientists investigate 
an on-farm lime pit. Project participants and DPIRD staff being shown how 
to identify the level of frost damage in wheat with DPIRD 
frost researcher Dr Ben Biddulph (top right). 
“I think the most valuable thing from my time in the project is that I was exposed to the whole farming system (soils, agronomy, pathology). This helped me as I moved into a research scientist role, as I have a greater understanding and appreciation of the different facets of the system rather than focusing only on 
the one thing I am researching.   
STACEY HANSCH
“It consolidated the skills that I had learnt at SEPWA* while also giving me a really good foundation for undertaking and communicating quality research.   ALICE BUTLER
*SEPWA: South East Premium Wheat Growers Association
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Meeting the machines: Entering a new industry 
requires becoming familiar with specific 
terms and operations. Project participants 
appreciated being guided through the function 
and purpose of a range of machinery for 
operations such as deep ripping, spading, 
two-way ploughing and harvest weed seed 
management. The benefits of several of these 
operations were investigated in trials and 
demonstrations undertaken by the team.
Disease identification: DPIRD 
screens thousands of new and 
emerging crop varieties for 
disease each year to determine 
the resistance ratings of new 
varieties.
Project participants toured the Dowerin Machinery Field Days led by DPIRD 
research scientist and engineer Glen Riethmuller (far left) to investigate 
machinery innovations. Project manager Vanessa Stewart is second from left.
Team members learning about crop disease identification and 
screening with DPIRD senior research scientist Geoff Thomas 
at the South Perth screening facility.
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Water-use efficiency: Water availability is the 
largest determinant of crop yield in dryland 
farming systems. Project participants learned 
about the influence of seasonal rainfall patterns 
and soil water-holding capacity on crop water 
use efficiency and profitability.
Crop agronomy: Project participants explored 
the effect of growing legumes and canola 
in rotation with cereals on the productivity 
of cereal crops at Grass Patch north of 
Esperance. Break crops such as canola and 
pulses can increase following cereal yields 
through disease and weed control and 
increased nitrogen availability.
RIGHT: Esperance-based project participants 
King Yin Lui and Emma Pearse carry out a 
seeding inspection in a break crop trial.
“The project provided me with the opportunity to gain knowledge and skills related to broadacre agronomy. I built up connections 
through a work Twitter profile, met 
industry people through field days, 
workshops, and conferences, and 
gained a foundational knowledge 
of broadacre agronomy.   
JOEL JOHNSTONE
“This is the best opportunity a learning agronomist can get. I hope that these positions will continue to be provided, so that others can have the same 
fantastic opportunity that I had.   
ADRIAN ROSSI
“The most valuable part of being part of the project was being able to spend the time learning about the entire farming system and the 
drivers behind decision-making. 
This has allowed me to not only 
focus on the questions of my 
current research but to see where 
this research fits into the farming 
system as a whole.   
KYLIE CHAMBERS Soil moisture monitoring: Merredin-based project participants 
Ashleigh Donnison and George Mwenda measure soil moisture






DPIRD maintains a network of more than 
200 automatic weather stations across 
Western Australia and delivers real-time 
climate data in customised maps, seasonal 
forecasts and farm management apps for 
the agricultural industry.
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THE CLIMATE DATA is used by a wide range of 
organisations and individuals – from farmers and 
consultants making decisions about sowing times, 
fertiliser inputs and spraying and harvest operations, 
through to the horticulture industry and local shires for 
irrigation scheduling, and the Bureau of Meteorology 
(BOM) and the fire and emergency services for 
bushfire and flood predictions, warnings and control.
Other users of the weather data include Western 
Power for wind farm location, lawyers involved in 
cases of chemical spray damage, architects for house 
design parameters and engineering consultants for 
construction of power lines in windy areas.
The weather stations are spread across WA from 
Kununurra in the north to Esperance in the south. 
The stations collect real-time information, which is 
then sent to a central computer for display on the 
DPIRD website. The data also feeds into BOM and 
supplements rainfall estimates coming from BOM 
radar stations over south-west WA.
DPIRD’s systems modelling team integrates the 
weather information into computer models and 
decision-support tools used by researchers, 
consultants, farmers and policy makers to predict and 
respond to disease outbreaks, pest movements and 
extreme weather events such as frost, drought and 
floods (Figures 27–30).
DPIRD’s crop and climate modelling team 
collates real-time data from more than 
200 weather stations located across 
Western Australia. The information is 
available via the DPIRD website and 
is also integrated into maps, seasonal 
forecasts and a range of agricultural 
decision-support tools.
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FIGURE 27.  Following a once-in-a-decade storm across south-west WA in May 2020, DPIRD’s modelling team generated custom maps to 
inform the Minister for Agriculture and the Commissioner of Soil and Land Conservation of the erosion potential of the high winds. Most of WA 
experienced more than 16 hours of winds over the wind erosion threshold of 28km/hr. Areas in the northern agricultural region and along the 
south coast received wind gusts of more than 80km/hr and many farmers lost crops and topsoil. 
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FIGURE 28.  Rainfall-to-date maps (left) are generated each week during the growing season and agricultural zones are rated on how the 
seasonal rainfall is tracking compared to long-term historical averages. The rainfall and soil moisture data are integrated into potential yield 
maps (right) so that farmers and consultants can estimate how much yield is possible in a particular season and the amount of nitrogen 
fertiliser required to match the yield prediction.
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FIGURE 29.  Data collected from DPIRD-managed weather stations is used to 
generate extreme weather maps and tables via an online Extreme Weather tool 
that calculates how long sub-zero or high temperatures have occurred in a 
particular area. The information can be used to indicate the severity of frost and 
heat damage on farms and identify areas requiring crop monitoring. The maps are 
also used to inform government responses to extreme weather events. The tool is 
easy to use and can be applied immediately or days or weeks after an event. 
DPIRD development officer Kelly Ryan (left) and research 
scientist Dr Meredith Guthrie (right) who helped develop 
the extreme weather tool.
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FIGURE 30.  Weather data collected across WA is integrated into online disease management tools that enable farmers, researchers and consultants to monitor 
the likelihood of disease incidence throughout the season. Stripe rust, powdery mildew, sclerotinia and blackleg are all crop fungal diseases that can collectively 
cost Australian farmers hundreds of millions of dollars in lost yield each year. The fungal lifecycles are controlled by the weather and each of the apps above 
uses decades of research trial data to model how each fungus will behave in response to local climatic conditions and the disease rating of the crop being 
grown. The apps forecast the likelihood that the disease will become a problem and provides information on the likely economic returns from fungicide decisions 
on a paddock-by-paddock basis.


















Western Australia’s primary industries generate 
more than $10 billion in production value each 
year while making a significant contribution to 
state employment. 
THE POLICY, INNOVATION AND PERFORMANCE 
(PIP) team collaborates across government, industry, 
researchers and the private sector to develop and 
enhance the activities of DPIRD.  
The PIP Directorate provides specialised skills in economic 
analysis, policy development, intellectual property, external 
funds management and workforce development to:
• deliver strategic industry economic analysis, modelling 
and supply chain analysis 
• analyse threats, opportunities and innovations of 
primary producers at farm, region and state levels
• identify and manage intellectual property generated by 
DPIRD and collaborators to optimise benefits to WA
• develop shareable and compatible data platforms 
including DPIRD’s eConnected program to enhance 
grains sector productivity
• administer data from DPIRD’s real-time weather 
stations and Doppler radars
• develop policy responses for primary industries, 
including climate and dry season impacts 
• help primary industries to meet short-term critical 
labour needs and plan for long-term workforce needs 
through the education system, promotion of career 
streams, and business capability development
• manage and develop the cloud-based Research 
Quality Management System, which provides 
oversight of more than 400 research trials each year.
Kerrine Blenkinsop
MANAGER, POLICY, INNOVATION AND 
PERFORMANCE
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“Economic modelling by our PIP team has established that WA’s 35 000 direct agricultural jobs generate a further  156 000 jobs along the entire value chain.   
KERRINE BLENKINSOP
The Policy, Innovation and Performance team administers 
data from DPIRD’s real-time weather stations and Doppler 
radars which are spread across WA.
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and Performance
The PIP Directorate collaborates with and 
administers the statutory requirements of the 
Agriculture Produce Commission (APC), the cereal 
breeding company InterGrain and the Australian 
Export Grains Innovation Centre (AEGIC).
DPIRD’s Policy, Innovation and Performance Directorate administers the statutory 
requirements of the Australian Export Grains Innovation Centre, established in 
2012 to increase value in the Australian grains industry. Image courtesy of AEGIC.
Oliver Zhen with a seed display developed as part 
of a professional development component for the 
PRIMED initiative.
DPIRD’s Policy, Innovation and Performance 
Directorate coordinates submissions to the 
Future Drought Fund, established to build 
industry capacity in climate resilience.
PIP also oversees and provides support for 
Cooperative Research Centre bids and current 
initiatives, Food Agility at Curtin University and 
Future Food Systems at Murdoch University.
• The APC is a WA statutory authority and 
operates under the Agricultural Produce 
Commission Act 1988 to provide Western 
Australian agricultural producers with the 
legal framework to collect funds to provide 
for the development and security of 
growers, producers and industry sectors
• The Western Australian Agriculture 
Authority (WAAA) is a shareholder in 
InterGrain, established in 2007 to conduct 
commercial cereal breeding programs
• The Western Australian Government, 
through the WAAA, maintains membership 
of AEGIC, an independent not-for-profit 
company established in 2012 to increase 
the value of the grains industry.
The PIP Directorate also coordinates submissions 
to the Future Drought Fund, which has been 
established to build industry capacity in drought 
preparedness and climate resilience. 
Through the PRIMED initiative, the PIP Directorate 
coordinates and provides technical data for the 
Department of Education regarding school curriculum 
changes for years seven and eight, parallel to the 
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Purpose: collaborate across government, industry, researchers and the private  
sector to support and develop Western Australian primary industries.
• Export and domestic market dynamics
• Production and value chains
• Labour demand dynamics
• Supply chain infrastructure
• Drought: on-farm climate and 
ecosystem impacts
• Economic impact of innovations  
and R&D
• Agricultural data platforms
• Digital weather station network
• IP protection and commercialisation 
strategies
• Agricultural policy
• Drought policy and programs
• Agricultural education initiatives
• Supply chain and grain quality  
information
• Plant breeding tools and data
• Agricultural data
• Policy and strategic directions with 
the Minister for Agriculture
• Intellectual property generated 
through R&D activities
• Across industry
• With agricultural educators and school students 
to lift future participation in the agricultural 
industry (PRIMED initiative)
• With primary industries to lift workforce 
capability
• With WA Agrifood Science Council and  
WA Agrifood Innovation Scheme
SUPPLY CHAINS INTELLECTUAL PROPERTY
POLICY, INNOVATION AND PERFORMANCE 
DEVELOP SHAREANALYSE ENGAGE
AG TECHAG WORKFORCE
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Overview
The Agriculture Resource Management 
and Assessment branch supports the 
Commissioner of Soil and Land Conservation 
by providing information and technical  
advice to land managers on the  
sustainable use of Western Australia’s  
land resources and prevention  
of degradation. 
UNDER THE SOIL AND LAND CONSERVATION ACT 
1945, the functions of the Commissioner include prevention 
and mitigation of land degradation, promotion of soil 
conservation, encouragement of best land management 
practice to prevent degradation, and education of land 
holders and the broader community in land conservation.
As well as providing information and technical advice, the 
branch supports these functions by monitoring land and 
water resource condition and by preventing degradation from 
new developments, particularly in areas of northern WA that 
are moving from historical pastoral activities to agricultural 
production.
The branch comprises five sub-programs to facilitate delivery 
of all of the Commissioner’s responsibilities:
• data modelling and analysis
• water science
• soil science
• rangelands science 
• planning, regulation and extension.  
Dr Melanie Strawbridge 
DIRECTOR, AGRICULTURE RESOURCE 
MANAGEMENT AND ASSESSMENT
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Core functions of the Agriculture Resource Management 
and Assessment branch 
“To most people soil is just dirt, but to the farmer soil has potential. It is the engine room for our food production and the foundation for many 
ecosystem services supporting life.   
MELANIE STRAWBRIDGE, DIRECTOR
Agriculture Resource 
Management and Assessment 
• Administer the Soil and Land Conservation 
Act 1945 under the direction of the 
Commissioner
• Support the Soil and Land Conservation 
Council
• Coordinate strategic resource management 
projects, such as the governmental 
response to the Office of the Auditor 
General’s Salinity Report
• Develop and implement risk-based monitoring 
and compliance of rangeland condition as part 
of broader Pastoral Lands Reform
• Land and water resource assessments and 
research (e.g. DPIRD Soil Health KPIs)
• Strategic resource management policy and 
advice (e.g. WA Soil Health Strategy)
• Land and water resource policy and 
planning advice (e.g. WAPC)
• Strategic stakeholder engagement  
(e.g. Grower Group Alliance; NRM WA)
• Coordinate provision of consistent  
cross-pillar advice to the Minister for 
Agriculture as appropriate.
Agriculture Resource 
Management and Assessment 
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Maps and tools reduce 
fertiliser costs and 
nutrient run-off
OVER THE PAST 12 YEARS DPIRD’s Whole Farm 
Nutrient Mapping program has soil tested and 
nutrient mapped more than 1200 farms across the 
south-west of Western Australia from Bremer Bay 
to Gingin. The program has been supported by the 
State NRM, Geocatch, Department of Water and 
Environmental Regulation and sampling contractors.
The mapping is designed to improve fertiliser use 
efficiency, which is a major cost on farms, and 
reduce the movement of nutrients off-farm into 
regional estuaries and waterways.
The project highlighted where there was soil acidity 
and an excess or lack of nutrients on farms. Results 
from the project were used to produce colour-coded 
maps for participating landholders.
The maps remove the mystique from soil test 
interpretation by presenting results in an easy-to-
understand way that then enables nutrient use to be 
optimised to increase profitability and reduce nutrient 
run-off to nearby waterways.
Using the whole farm mapping system has  
almost halved fertiliser costs for West Coolup, WA, 
dairy farmers Ally and John Birch. The fertiliser bill  
for the Birches’ farm was previously about  
$20 000 each year but involvement in the mapping 
program has saved Ally and John nearly $9000. 
The Birches discovered they were applying too 
much superphosphate and that their pH levels 
were good, which has allowed them to reduce their 
lime applications to maintenance levels. Part of the 
savings has been spent on targeted applications of 
lime and a new, more accurate fertiliser spreader.
“The whole farm nutrient maps are one of the most useful tools we have. We consult them often. The coloured maps are dramatic, and it really hits 
you between the eyes. They are 
extremely effective at grass roots 
level and whoever came up with 
them deserves a medal. The maps 
showed a group of high phosphorus, 
high potassium, but acid paddocks 
around the dairy to which we have 
since only applied lime, nitrogen and 
sulfur. The economics of savings on 
unnecessary fertiliser is significant, 
and the intensity of the sampling 
gives us confidence. We have had 
no decrease in production using this 
strategy   
FARMER NEVILLE HADDON, SABINA RIVER, 
VASSE GEOGRAPHE CATCHMENT
Over 11 seasons, DPIRD officers mapped 
1257 farms, tested 24 400 paddocks and 
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This map uses a colour scale to classify soil phosphorus
(P). Examine the map key and associated colours to
determine nutrient status. Paddocks shaded black have no
data.
The Colwell P soil test (Colwell, 1965) is used in
conjunction with the soils Phosphorus Buffering Index
(PBI; Burkitt et al., 2002) to determine soil P status. The
critical levels of Colwell P used are derived from Australian
standards (Gourley et al., 2007) with modification for soils
with PBI < 15 (Windsor et al., 2010; Bolland et al., 2010).
Four P status maps are provided to represent different
production levels (80%, 85%, 90%, 95% of maximum










Phosphorus status assessed at 95% of maximum
production
500 0 500 1000 1500 2000 m
Sampling of more than 275 000 hectares across the south-west 
of WA as part of DPIRD’s Whole Farm Nutrient Mapping program 
found phosphorous levels were higher than needed on more than 
70 per cent of pasture paddocks. The colour-coded map on the 
right details the soil phosphorus status on a participating farm.
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Nutrient trends exposed 
Sampling of more than 275 000 hectares across the 
south-west of WA through the Whole Farm Nutrient 
Mapping program highlighted some common themes:
• Phosphorus levels were higher than needed 
for pasture growth at 90 per cent of maximum 
production on more than 70 per cent of 
paddocks. Those paddocks with excess 
phosphorus had about twice the amount of 
phosphorus needed in the soil. The 30 per cent 
of paddocks that were phosphorus deficient 
contained about three-quarters of the amount of 
phosphorus required in the soil.
• More than 85 per cent of tested paddocks had 
acid surface soils (pH <5.5 in the top 10cm of 
soil). 
• More than 45 per cent of all paddocks tested 
were deficient in potassium.
• Using the soil sulfur test, 16 per cent were sulfur 
deficient.
The results indicated that fertiliser management 
needed to be altered, with a greater emphasis on 
addressing limiting factors, such as acidity and 
potassium and sulfur deficiency to achieve improved 
production.
The process involved in whole farm nutrient mapping:  
• Collect a representative sample for every paddock on the farm following 
sampling procedures recommended by Fertiliser Australia
• Analyse each sample for phosphorus, potassium, sulfur, phosphorus 
buffering index and pH at an accredited laboratory
• Assess the soil test data against nationally agreed critical values
• Prepare colour-coded maps to assist in fertiliser decision-making
• Develop a nutrient plan supported by Fertcare-accredited agronomists 
and an online nutrient calculator.
Compressor-powered soil sampling auger mounted on a utility. Automated 
soil testing equipment reduces sampling effort and improves sampling 
consistency, making the soil testing process easier and enabling fertiliser 
decisions to be based on sound evidence.
Grains
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Workshops change fertiliser 
approach 
The whole farm nutrient mapping process culminates 
in a facilitated, interactive workshop where the 
importance of using an evidence-based approach 
to fertiliser management is reinforced. Farmers leave 
empowered with the skills, tools and knowledge to 
manage nutrients on-farm.
The whole farm nutrient mapping process is evolving 
into a do-it-yourself model with guides and in-field 
training and support for soil sampling, including 
access to sampling augers and mobile apps to 
collect GPS coordinates. The recent release of a 
nutrient calculator (www.agric.wa.gov.au/soil-
nutrients/introduction-nutrient-calculator-high-
rainfall-pastures-western-australia) allows farmers 
to interpret their soil test data and make evidence-
based estimates of their nutrient and fertiliser 
requirements. 
Growers either manually enter their soil test results 
or import the results from a spreadsheet to produce 
colour-coded reports. The calculator determines 
nutrient status and estimates the amount of 
phosphorus, potassium or sulfur required to increase 
current soil test values to target values to achieve a 
user-defined relative yield. “I’ve been to a number of workshops in a variety of different agricultural pursuits, this one is a cut above the rest. The content was outstanding, the presenters were outstanding, the activities that were used to explain different elements at different points was a cut above everything else I have ever seen. 
As a result, I am definitely looking at my phosphorus application, how much  
I am putting out, and when I am putting it out as well.   
LEONARD RUSSELL, FARMER, WARNER GLEN, LOWER BLACKWOOD CATCHMENT
Farmers participating in a hands-on training workshop that 
demonstrated the ‘law of diminishing returns’ when fertilising different 
soils. Beyond an optimum, adding more fertiliser will result in no 
additional yield gain and could lead to nutrient run-off into waterways.
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Teaching machines to 
locate dam sites 
THE SOUTH-WEST AGRICULTURAL AREAS of 
Western Australia have been drier than normal over 
the past ten years, and the projection is for more 
dry seasons. Less rainfall means up to three times 
less run-off and there is a need for improved water 
harvesting into farm dams.
DPIRD research is investigating where to place a dam 
in the landscape to take best advantage of water 
flows across the land.
DPIRD research scientist Nick Wright is using object 
recognition software and terrain modelling techniques 
to develop a digital tool that maps dams and aids with 
surface water management.
The work involves the ‘training’ of machine learning 
models to identify landscape features such as dams 
from high-resolution satellite data. The machine 
learning process automates what would otherwise 
be a very tedious and labour-intensive activity and is 
the only way to efficiently cover the vast areas of WA’s 
agricultural landscapes. 
Nick began his research by developing a map to 
identify all current dams across the south-west of WA.
By feeding 1000 examples of dams into the object 
recognition software, Nick effectively ‘taught’ the 
software how to recognise a dam.
After several hours of training, the software was able 
to recognise the unique characteristics of dams, like 
shape, size and texture, and the program rapidly 
identified existing dams from satellite imagery. About 
200 000 dams were located and mapped across 
WA’s south-west using the approach (see image).
Nick then set his sights on compiling a high-resolution 
terrain model of the whole of the south-west so that 
he could model surface water flow at a paddock 
scale. The surface water flow analysis ensures that 
new dams are placed in parts of the landscape with 
the highest surface water flows.
The model will also be able to predict areas 
that could be at risk of erosion due to the 
slope length and steepness of the land.
The research has culminated in a scientific 
paper recently published in the Journal 
of Remote Sensing and will feed into the 
WaterSmart Farms project that aims to 
improve the long-term drought resilience of 
farms. 
The project will investigate the use of water 
catchments including ‘roaded catchments’ to 
drive more surface water into dam storage. 
Roaded catchments are water-harvesting 
structures designed to increase the amount 
of run-off from the catchment above a dam. 
The ‘roads’ of a roaded catchment are parallel 
ridges of earth with side slopes that cause 
run-off to be directed into troughs or channels. 
The surface is lined with clay and compacted 
to make it smooth and impervious to reduce 
infiltration and increase run-off.
The WaterSmart Farms project will also 
investigate whether groundwater sources 
across the grainbelt can be more accurately 
identified. Nick and his colleagues will 
examine the geological and hydrological 
characteristics of current bores in the grainbelt 
and use machine learning to determine 
locations with a high likelihood of containing 
a groundwater resource. The project will 
be aided by a $700 000 targeted drilling 
program that will explore locations suited to 
desalination of groundwater. 
For every 1 mm of lost rainfall, 3mm of 
run-off are lost. The south-west of WA 
has lost a third of its 10mm and  
25mm rainfall events, making its natural 
catchments less effective.
DPIRD RESEARCH HIGHLIGHTS 2021   341
Grains
DPIRD research scientist Nick Wright has taught a computer model how to identify farm 
dams from satellite imagery. The resultant map of dams has been married with a high-
resolution terrain model of surface water flows to enable farmers to place new dams in 
areas that will receive the most water run-off.
Agriculture Resource 
Management and Assessment 
Agriculture Resource 
Management and Assessment 
342  DPIRD RESEARCH HIGHLIGHTS 2021
Soils guide sets 
standard for 
management
DPIRD’S SOIL EXPERTS have developed a free 
online publication that simplifies the science behind 
soils.
The Simple Guide for Describing Soils explains the 
diversity of Western Australia’s soils and helps users 
to describe the most important parts of a soil profile 
in an easy-to-understand way.
The guide was produced to meet the growing 
demand from industry, community groups and 
individuals seeking to describe and present soil 
information using consistent, professional and  
easy-to-understand language.
WA has a diverse range of soil types including 
ironstone gravelly soils, sandy duplexes, deep sands 
and clays. The requirement to describe these soils 
extends beyond agriculture.
The new guide will be of use to people working 
in a range of fields such as horticulture, nature 
conservation, environmental consulting or planning, 
as well as students and the general public who have 
an interest in soils.
DPIRD has developed a free online guide for describing soil types, which will enable users 
to assign a simple and standardised name to a soil. Obtaining an accurate soil description 
informs what can grow where, whether it is in the garden, the bush or on the farm.
Grains
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The publication provides a step-by-step guide to what 
soil properties to describe, how to describe them and 
the tools to make basic soil classifications.
The guide covers nine basic soil properties including 
depth profile, identifying and naming soil layers, 
texture, coarse fragments, colour, pH and salinity, lime 
layers, structure and water regime.
By being able to understand and describe these soil 
properties, people will then be able to assign a simple 
and standardised name to soil.
Why describe soil? 
Describing and naming a soil enables the simple 
communication of information, so that people can 
easily talk about their soil’s characteristics and 
management in a standard way. A soil description 
helps decide what can grow where, whether it 
is in the garden, the bush or on the farm. For 
example, knowing a paddock soil is a deep sand 
indicates it is probably good to grow lupins or 
carrots but not chickpeas, or that it should be 
revegetated with banksias and not mallees. It is 
also informative to have soils described as part 
of general environmental surveys or monitoring of 
soil condition. For example, during a vegetation 
survey, describing the soil along with a plant 
specimen will give some idea of the plant’s 
environment and requirements.
Examples of different soil profiles
Profile of a gradational soil, with sandy loam 
topsoil grading to sandy light clay subsoil.
Profile of a gradational soil, with clayey sand 
topsoil grading to sandy clay loam subsoil.
Profile of a duplex soil, with a sandy A 
horizon over a clayey B horizon at 45cm.
Profile of a brown loamy gravel grading 
to clay from 40cm down.
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Contacts, collaborators and funders for DPIRD research projects outlined in Research Highlights 2021
Article Page For more information External collaborators Funders
AQUACULTURE
Overview 28 Greg Jenkins  
greg.jenkins@dpird.wa.gov.au
Marine Fish 37 Dr Gavin Partridge  
gavin.partridge@dpird.wa.gov.au
Stress test provides timely fish health reports 38 Dr Catherine Wingate 
catherine.wingate@dpird.wa.gov.au
University of Western Australia Fisheries Research and 
Development Corporation, 
Pathfinder UWA
Tasty treatment keeps kingfish clean 42 Dr Gavin Partridge  
gavin.partridge@dpird.wa.gov.au
University of Western Australia Fisheries Research and 
Development Corporation, 
Pathfinder UWA
Marine Shellfish 45 Dr Michel Bermudes  
michel.bermudes@dpird.wa.gov.au
Hatching new opportunities for WA’s shellfish 
industry
46 Dr Michel Bermudes  
michel.bermudes@dpird.wa.gov.au
(Oysters) Maxima Opportunity, 
Murujuga Aboriginal Corporation, 
Albany Shellfish Hatchery, 
Hexcyl Systems, SEAPA, Zapco 
Aquaculture. (Scallops) One Sea 
(principal investigator), Macquarie 
University
(Oysters) Cooperative 
Research Centre for 
Developing Northern 
Australia (Scallops) 
Fisheries Research and 
Development Corporation
Freshwater Aquaculture 51 Andrew Beer  
andrew.beer@dpird.wa.gov.au
346  DPIRD RESEARCH HIGHLIGHTS 2021
Appendix
Article Page For more information External collaborators Funders
Larger trout to boost future fish numbers 52 Andrew Beer  
andrew.beer@dpird.wa.gov.au
WA Inland Fisheries Research 
Advisory Committee, Recfishwest, 
WA trout fishing experts, CSIRO, 
WA regional development 
commissions
DPIRD
Aquaculture Health 57 Dr Cecile Dang  
cecile.dang@dpird.wa.gov.au
Pearl oysters suffer mysterious decline 58 Dr Cecile Dang  
cecile.dang@dpird.wa.gov.au
Paspaley Pearling Company, 
University of Tasmania, Pearl 
Producers Association, Australian 
Institute of Marine Science
Santos
GRAINS
Overview 64 Kerry Regan  
kerry.regan@dpird.wa.gov.au
Crop Protection 72 Dr Sally Peltzer  
sally.peltzer@dpird.wa.gov.au




Crop and Disease Management, 
South Australian Research and 
Development Institute, New South 
Wales Department of Primary 
Industries, Agriculture Victoria, 
Tasmanian Institute Agriculture, 
Department of Primary Industries, 
Parks, Water and Environment
GRDC
Smart network assembled for statewide pest and 
weed control




Cesar Australia, Horticulture 
Innovation
GRDC, DPIRD via 
Royalties for Regions
Fungicide timing fine-tuned with surveillance 
cameras
83 Jean Galloway  
jean.galloway@dpird.wa.gov.au
GRDC
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Pest monitoring made easier with eyes in the sky 84 Dr Dustin Severtson  
dustin.severtson@dpird.wa.gov.au
University of Western Australia DPIRD via Royalties for 
Regions
Disarming the enemy 86 Dr Catherine Borger  
catherine.borger@dpird.wa.gov.au
University of Adelaide GRDC
Barley grass management – one size doesn’t  
fit all
87 Dr Catherine Borger  
catherine.borger@dpird.wa.gov.au
University of Adelaide GRDC
Mobile tool guides fungicide timings 88 Jean Galloway  
jean.galloway@dpird.wa.gov.au
University of Southern Queensland, 
Agriculture Victoria, Marcroft 
Grains Pathology, South Australian 
Research and Development 
Institute (SARDI), Curtin University, 
Centre for Crop and Disease 
Management (CCDM), University of 
Western Australia
GRDC
Rain, rain go away 89 Dr Kylie Chambers  
kylie.chambers@dpird.wa.gov.au
Agriculture Victoria, South 
Australian Research and 
Development Institute (SARDI), 
NSW Department of Primary 
Industries
AgriFutures Australia, 
DPIRD,  GRDC support for 
oat pathology research
Combining agronomy and genetics  
fine-tunes fungicide use
90 Geoff Thomas  
geoff.j.thomas@dpird.wa.gov.au
Curtin University, Centre for Crop 
and Disease Management (CCDM)
GRDC
Tillage buries pest and disease problems 92 Dr Sarah Collins  
sarah.collins@dpird.wa.gov.au
University of Western Australia, 
Agriculture Victoria, South 
Australian Research and 
Development Institute (SARDI)
Royalties for Regions
Fertiliser might exacerbate crop disease 94 Dr Daniel Hüberli  
daniel.huberli@dpird.wa.gov.au
New South Wales Department 
of Primary Industries, University 
of Southern Queensland, 
CSIRO, Agriculture Victoria, 
South Australian Research and 
Development Institute (SARDI)
GRDC
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Genetic Improvement 98 Dr Darshan Sharma  
darshan.sharma@dpird.wa.gov.au
Ancient grain resurrected on modern farms 102 Dr Harmohinder Dhammu  
harmohinder.dhammu@dpird.wa.gov.au
King Abdullah University of Science 
and Technology in Saudi Arabia, 
Northern Australia Crop Research 
Alliance
AgriFutures Australia
International genes offer disease resistance 
promise
103 Dr Mike Francki  
michael.francki@dprid.wa.gov.au
Murdoch University GRDC
Wheat genes sought for problem soils 104 Rosemary Smith  
rosemary.smith@dpird.wa.gov.au
University of Adelaide, Department 
of Jobs Precincts and Regions 
Victoria, NSW DPI, SARDI
GRDC
Pulses bred for WA conditions 105 Mark Seymour  
mark.seymour@dpird.wa.gov.au
Department of Jobs, Precincts and 
Regions Victoria, NSW DPI, CSIRO, 
Foundation for Arable Research 
Australia Limited
GRDC
Bacteria breakthrough shines light on  
frost damage
106 Dr Ben Biddulph  
ben.biddulph@dpird.wa.gov.au
Murdoch University COGGO
International frost collaboration 107 Dr Ben Biddulph  
ben.biddulph@dpird.wa.gov.au
National University of Mar del Plata 
(Argentina) and the University of 
Adelaide
GRDC, Crawford Fund
Wheat disease resisted with multi-gene armour 108 Dr Manisha Shankar  
manisha.shankar@dpird.wa.gov.au
University of Adelaide, Agriculture 
Victoria, University of Southern 
Queensland and Curtin University
GRDC
National effort breeding resistant oats 111 Dr Mirza Dowla  
mirza.dowla@dpird.wa.gov.au
SARDI GRDC, Agrifutures 
Australia
Barley genes rise to climate change challenge 112 Professor Chengdao Li  
chengdao.li@dpird.wa.gov.au
Western Crop Genetics Alliance 
(Murdoch University)
GRDC
Barley now an open book that all breeders can 
read
114 Professor Chengdao Li  
chengdao.li@dpird.wa.gov.au
Western Crop Genetics Alliance 
(Murdoch University)
GRDC
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Gene editing breakthrough to improve barley 
crops
117 Professor Chengdao Li  
chengdao.li@dpird.wa.gov.au
Western Crop Genetics Alliance 
(Murdoch University)
DPIRD via Royalties 
for Regions, Murdoch 
University
Wild genes offer leap in lupin yield 117 Professor Chengdao Li  
chengdao.li@dpird.wa.gov.au
Western Crop Genetics Alliance 
(Murdoch University)
GRDC
Crop Science and Grain Production 120 Dr Bob French  
bob.french@dpird.wa.gov.au
Early sowing can reap yield rewards 130 Dr Dion Nicol  
dion.nicol@dpird.wa.gov.au
GRDC
Benefits and risks of sowing early 133 Jackie Bucat  
jackie.bucat@dpird.wa.gov.au
GRDC
Barley best for early sowing 134 Raj Malik  
raj.malik@dpird.wa.gov.au
GRDC
Maturity rating drives early sowing response 135 Brenda Shackley  
brenda.shackley@dpird.wa.gov.au
GRDC
New Crop Sowing Guides continue long tradition 136 Brenda Shackley  
brenda.shackley@dpird.wa.gov.au
National Variety Trials program DPIRD, GRDC
Soil Science and Crop Nutrition 140 Chris Gazey  
chris.gazey@dpird.wa.gov.au
Mapping the problem 144 David Hall  
david.hall@dpird.wa.gov.au
DPIRD’s Agricultural Resource 
Management and Assessment 
Directorate
GRDC
Tillage offers long-term fix for water repellent 
soils
146 Dr Stephen Davies  
stephen.davies@dpird.wa.gov.au
CSIRO, Murdoch University, 
University of Western Australia, 
University of South Australia
GRDC
Research stimulates practice change 150 Wayne Parker  
wayne.parker@dpird.wa.gov.au
GRDC
Calculator keeps wheels on track 152 Bindi Isbister  
bindi.isbister@dpird.wa.gov.au
South East Premium Wheat 
Growers Association, Precision 
Technology Solutions
GRDC
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Deep ripping makes crops hungrier 153 Dr Craig Scanlan  
craig.scanlan@dpird.wa.gov.au
GRDC
Managing the whole acidic soil profile with lime 154 Dr Gaus Azam  
gaus.azam@dpird.wa.gov.au
GRDC
Locating the best lime source 155 Chris Gazey
chris.gazey@dpird.wa.gov.au
GRDC
Soil management ebooks 156 Chris Gazey
chris.gazey@dpird.wa.gov.au
SoilsWest (DPIRD and WA 
universities alliance)
GRDC
Managing multiple soil constraints brings benefits 157 Dr Stephen Davies  
stephen.davies@dpird.wa.gov.au
GRDC
Strategic tillage improves root access to soil 
water and nutrients
160 Dr Craig Scanlan  
craig.scanlan@dpird.wa.gov.au
GRDC
Getting roots to dig deeper 162 Dr Gaus Azam  
gaus.azam@dpird.wa.gov.au
GRDC
Dealing with difficult soils 164 Dr Ed Barrett-Lennard  
ed.barrett-lennard@dpird.wa.gov.au
GRDC
Capturing the opportunity 165 Dr George Mwenda  
george.mwenda@dpird.wa.gov.au
WA Government initiative 
and GRDC
LIVESTOCK
Overview 170 Dr Bruce Mullan  
bruce.mullan@dpird.wa.gov.au
Livestock Productivity 178 Beth Paganoni  
beth.paganoni@dpird.wa.gov.au
Less feed, more meat and wool 180 Beth Paganoni  
beth.paganoni@dpird.wa.gov.au
Federation of Performance Sheep 
Breeders WA, University of New 
England, Murdoch University, MLA 
and Sheep Genetics
Meat & Livestock 
Australia 
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WA vaccine protecting sheep worldwide 184 Jill Lyon  
jill.lyon@dpird.wa.gov.au
Moredun Research Institute, 
Fletchers International 
Moredun Research 
Institute, DPIRD, Meat  
& Livestock Australia,
The Scottish Government, 
Genomia Fund, European 
Union, 4c
More northern beef through land, labour and 
livestock efficiencies
188 Trevor Price  
trevor.price@dpird.wa.gov.au
Meat & Livestock Australia Donor 
Company, the Northern Territory 
Department of Industry, Tourism 
and Trade and the Queensland 
Department of Agriculture and 
Fisheries
DPIRD via Royalties 
for Regions, Meat and 
Livestock Australia Donor 
Company
Livestock Systems 196 Mandy Curnow  
mandy.curnow@dpird.wa.gov.au
Digital intelligence allows for remote  
decision-making
198 Beth Paganoni  
beth.paganoni@dpird.wa.gov.au




Eyes in the sky provide feed budget data 200 Perry Dolling  
perry.dolling@dpird.wa.gov.au
DPIRD
Smart farms established using digital networks 202 Darren Gibbon  
darren.gibbon@dpird.wa.gov.au
DPIRD
Counting carbon to reduce emissions 204 Mandy Curnow  
mandy.curnow@dpird.wa.gov.au
Meat and Livestock Australia, 
Murdoch University, University 
of Western Australia, CSIRO and 
farmer groups through the Grower 
Group Alliance
Meat and Livestock 
Australia
Feedbase Productivity 208 Dr Clinton Revell  
clinton.revell@dpird.wa.gov.au
Irrigation delivers year-round cattle feed 210 Dr Clinton Revell  
clinton.revell@dpird.wa.gov.au
The Water Corporation (Broome 
North), University of Western 
Australia, Charles Sturt University, 
Department of Biodiversity, 
Conservation and Attractions
Meat and Livestock 
Australia
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Seedless forage legume to boost northern beef 
production
214 Dr Daniel Real  
daniel.real@dpird.wa.gov.au
Murdoch University and New 
Mexico State University
Meat and Livestock 
Australia Donor Company
New forage options for mixed-farming systems 216 Dr Daniel Real  
daniel.real@dpird.wa.gov.au
University of Florida, Murdoch 
University, CSIRO, the Gillamii 
Centre, local farmers
Australian Department 
of Agriculture and Water 
Resources (Rural R&D for 
Profit program), GRDC, 
MLA and Australian Wool 
Innovation, State NRM 
Program
New forage cereal lines for challenging soils 218 Dr Daniel Real  
daniel.real@dpird.wa.gov.au
DPIRD
Annual legumes to reduce cropping risk 219 Dr Angelo Loi  
angelo.loi@dpird.wa.gov.au
DPIRD
Saline land returned to production 220 Justin Hardy  
justin.hardy@dpird.wa.gov.au
DPIRD
Banking on stored pasture seed 222 Dr Clinton Revell  
clinton.revell@dpird.wa.gov.au
SARDI, Australian Department of 
Agriculture and Water Resources, 
State Government primary industry 
agencies and Australian research 
and development corporations 
representing the meat, wool, dairy, 
grain and seed industries
Australian Pastures 
Genebank
Value Chains 226 Kate Pritchett  
kate.pritchett@dpird.wa.gov.au
Livestock data provides industry insights 228 Kate Pritchett  
kate.pritchett@dpird.wa.gov.au
DPIRD
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HORTICULTURE AND IRRIGATED AGRICULTURE
Overview 232 Rohan Prince  
rohan.prince@dpird.wa.gov.au
 
Fruit and Perennial Crops 239 Dr Dario Stefanelli  
dario.stefanelli@dpird.wa.gov.au
New wine grape varieties have novel appeal 240 Richard Fennessy  
richard.fennessy@dpird.wa.gov.au
Collaborative support from 
WA College of Agriculture – 
Harvey, Western Australian Vine 
Improvement Association (WAVIA), 
Wines of WA and Wine Australia 
Wine Australia’s Regional 
Program, administered 
by Wines of WA for the 
WA wine industry
Persistence pays off for apple breeders 244 Dr Kristen Brodison  
kristen.brodison@dpird.wa.gov.au
Australian National Apple Breeding 
program
WA Government and 
Horticulture Innovation 
Australia Limited
New mango varieties a win for consumers  
and producers
248 Tara Slaven  
tara.slaven@dpird.wa.gov.au
(Mango market research) Griffith 
University and University of 
Adelaide.
National Mango Breeding Program, 
Australian Mango Industry 
Association
DPIRD
Virtual orchards 252 Neil Lantzke  
neil.lantzke@dpird.wa.gov.au
Department of Agriculture and 
Fisheries, Queensland, and 
University of Queensland
DPIRD




Vegetable Crops 255 Neil Lantzke  
neil.lantzke@dpird.wa.gov.au
Crops go undercover to generate more profits 256 Neil Lantzke  
neil.lantzke@dpird.wa.gov.au
 WA Government Initiative
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Rejuvenating the Carnarvon tomato industry 259 Annie Van Blommestein  
anastasia.vanblommestein@dpird.
wa.gov.au
Seed company representatives, 
growers, packers, market agents 
and industry bodies
DPIRD
Technology improves irrigation efficiency 260 David Rowe 
david.rowe@dpird.wa.gov.au
DPIRD
New export markets 261 Manju Radhakrishnan  
manju.radhakrishnan@dpird.wa.gov.au
DPIRD
Surveillance through citizen science and  
community trapping
262 Don Telfer  
don.telfer@dpird.wa.gov.au
Horticulture Innovation DPIRD via Royalties for 
Regions
Insect and Disease Management 267 Dr Helen Stafford  
helen.stafford@dpird.wa.gov.au
Yield and market access expanded with 
integrated pest control
268 Alison Mathews  
alison.mathews@dpird.wa.gov.au
Hort Frontiers strategic partnership 
initiative developed by Hort 
Innovation, with co-investment 
from CSIRO, DPIRD, NSW DPI, 
Agriculture Victoria, Pomewest and 
contributions from the Australian 
Government
Hort Frontiers Asian 
Markets Fund
Keeping a lid on stable flies 276 Dr David Cook  
david.cook@dpird.wa.gov.au
Horticulture Australia 
with support from 
multiple local 
government shires 
around Perth, WA. 
Support from Vegetables 
WA and the Vegetable 
Committee of the 
Agriculture Produce 
Commission
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Native flies help crop pollination 280 Dr David Cook  
david.cook@dpird.wa.gov.au
Co-participants from across 
Australian universities and several 
private companies
Hort Innovations with  
co-investment from 
DPIRD, University of 
Western Australia, 
Western Sydney 
University, University of 
New England, Seed Purity 
Pty Ltd and Biological 
Services and the 
Australian Government
Tropical Food, Fibre and Fodder 285 Dr David McNeil  
david.mcneil@dpird.wa.gov.au
New industry goes gluten-free with international 
backing
286 Dr David McNeil  
david.mcneil@dpird.wa.gov.au
DPIRD, Dr Schär, University of 
Adelaide, AgriFutures Australia, the 
Australian Research Council, local 
growers (Oasis Farms, Dessert 
Seeds), local industries (ORDCO, 
Raitech), Austrade, Kimberley 
Development Commission, 
University of Western Australia, the 
University of Adelaide and others
AgriFutures Australia  
and Dr Schär





Farming Systems 296 Dr David Ferris  
david.ferris@dpird.wa.gov.au
Science of regenerative agriculture explored in  
10-year trial
302 Caroline Peek  
caroline.peek@dpird.wa.gov.au
WA Government initiative
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Nitrogen bacteria breathe new life into dryland 
farming systems
308 Dr Ron Yates  
ronald.yates@dpird.wa.gov.au
Centre for Rhizobium Studies 
International Legume Inoculant 
Genebank (Murdoch University)
GRDC
Boosting regional research capacity 312 Vanessa Stewart  
vanessa.stewart@dpird.wa.gov.au
GRDC
Forward planning made possible with real-time 
weather data
320 Dr Ian Foster  
ian.foster@dpird.wa.gov.au
Australian Bureau of Meteorology DPIRD
POLICY, INNOVATION AND PERFORMANCE 
Overview 328 Kerrine Blenkinsop  
kerrine.blenkinsop@dpird.wa.gov.au
AGRICULTURAL RESOURCE MANAGEMENT AND ASSESSMENT
Overview 334 Dr Melanie Strawbridge  
melanie.strawbridge@dpird.wa.gov.au
Maps and tools to reduce fertiliser costs and 
nutrient run-off
336 David Weaver  
david.weaver@dpird.wa.gov.au
Department of Water and 
Environmental Regulation, 
Fertiliser Australia, Dairy Australia, 
MLA, University of WA, Murdoch 
University, South West Catchments 
Council, Peel Harvey Catchment 
Council, Leschenault Catchment 
Council, Geocatch, Lower 
Blackwood Catchment Committee, 
Wilson Inlet Catchment Committee, 
Torbay Catchment Group, Oyster 
Harbour Catchment Group, CSBP, 
Summit Fertiliser, Nutrien Ag, Elders
Australian National 
Landcare Program and 
Royalties for Regions 
Healthy Estuaries WA via 
Department of Water and 
Environmental Regulation 
(DWER)
Teaching machines to locate dam sites 340 Nick Wright  
nicholas.wright@dpird.wa.gov.au
Water Smart Farms DPIRD
Soils guide sets standard for management 342 Tim Overheu  
tim.overheu@dpird.wa.gov.au
Soil and Land Conservation 
Council of WA
DPIRD


